Fhofograph  of  tooling  optra- 
flop  OH  vertical  rotating  tint 
of  •iclusiv*  Ampcrci  dttigt. 


A  significant  "Amperexfra"  in  the  manufacture  of  our  tubes  is  the  specially-creofed 
life  testing  procedure.  In  this  phase  of  operation,  samples  of  production  are  regularly 
being  tested  to  provide  a  precise  check  on  tube  quality  and  tube  endurance.  Examina¬ 
tions  must  prove  that  each  tube  is  built  with  more  than  normal  life  expectancy,  otherwise 
we  will  reject  it.  Thus,  you  are  assured  a  bonus  of  many  hours  of  additional  service  . .  • 
in  all  applications  .  .  .  broadcasting,  industrial,  electro-medical  and  military. 

Co9d  to  tho  loot  tirop  on  the  battlefMd  .....  donotm  a  pint  of  blood  to  tho  Rod  frou 
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NOW  AVAILABLE  HERJUIETKALLY  SEALED 

The  UTC  Ouncer  type  trcmsformer  is  one  of  the  most  popiilor  units  in  military 
equipment  at  the  present  time. 

UTC  gloss-metal  seals  have  been  production  proven  for  over  a  year.  Additional 
developments  have  now  made  it  possible  to  employ  this  type  of  sealing  in  the 
miniature  Ouncer  unit . . .  Vg"  diameter. 

Should  you  have  limited  space  reqiiirements.  thin  tronsiormer  (the  smallest  her¬ 
metically  sealed  unit  now  available)  can  be  supplied  to  specifications. 
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disposal  ofGovernment^^ar  Plants  and  Equipment 


In  the  last  four  years,  the  Federal  Government  has 
r^nt  over  fifteen  billion  dollars  on  war  plants  — two- 
ndone-half  times  as  much  as  was  spent  by  private 

uvfistors. 

Of  this  fifteen-billion-dollar  government  investment, 
Mut  one-third  has  gone  into  facilities  for  the  manu- 
Kiure  of  aircraft  and  for  ship  construction  and  repair; 
nother  third  has  gone  into  plants  for  production  of 
[imbat  ordnance;  and  the  remaining  third  has  gone  into 
varieh'  of  facilities  for  making  synthetic  rubber,  metal 
roducts,  machinery,  and  miscellaneous  equipment. 
Most  of  these  plants  are  in  industries  that  are  ex- 
sinded  far  beyond  peacetime  requirements.  Further- 
lore,  their  convertibility  to  other  civilian  uses  will,  in 
any  cases,  be  complicated  by  their  specialized  equip- 
lent  and  layout,  by  their  tremendous  size,  and  by  their 
neconomic  location.  At  the  moment,  it  looks  as  if 
)ughly  one-third  of  the  government-owned  plants  and 
juipment  can  be  converted  fairly  readily  to  peacetime 
.^ration,  and  will,  therefore,  be  easily  disposable  to 
rivate  enterprise. 

The  discovery  of  unsuspected  uses  for  war  plants  and 
iiilpmcnt  ihay  w'ell  raise  the  disposable  proportion  to 
ne-half  or  more.  The  government,  at  the  end  of  the 
ar,  may  own  about  one-eighth  of  the  commercially- 
sable  industrial  capacity  of  the  country.  It  will  be  by 
if  the  largest  owner  of  machine  tools;  it  will  own  enor- 
lous  aluminum  capacity,  magnesium  capacity,  many 
liles  of  pipe  lines,  and  more  ships  than  the  entire 
mate  shipping  industry'. 

WTiat  the  government  does  with  its  war  plants  will 
ave  a  profound  effect  on  the  free  enterprise  system  and 
:i  all  workers,  employers,  investors,  and  consumers  who 
VC  a  part  in  that  system.  If  this  problem  is  handled 
lly,  we  may  find  ourselves  enmeshed  in  a  trend  to- 
ard  monojxjly  and  government  operation  of  industry. 

:  the  problem  is  handled  well,  we  shall  have  taken  a 
g  step  toward  freedom  of  action  in  a  competitive 
-ii-h’,  toward  full  opportunities  for  business  enter- 
i'C.  tow’ard  w’ell-paid  productive  jobs  for  workers,  and 
ird  a  higher  standard  of  living  for  us  all. 

Recently,  three  important  events  have  signalled  en- 
c  rifje incut.  They  are  the  report  of  Senator  George’s 
C  niiiiittee,  the  Baruch  report,  and  the  report  of  Sena¬ 
tor  Truman’s  Committee.  Tliese  reports  are  noteworthy 
r  .  their  competent  sizing  up  of  a  complex  problem, 
V  their  recognition  of  the  major  responsibility  of  gov- 
i  ment  in  making  a  successful  transition  to  peace,  for 
tieir  insistence  on  w'ise  policy  and  good  admirlistra- 
p'  I  and  for  their  genuine  concern  that  our  productive 
’^vci  be  given  full  opportunity  in  a  free  private  enter¬ 
ic  s\stem.  These  reports  agree  on  basic  principles 
many  specific  lines  of  action.  Tliere  are,  however. 


important  areas  of  policy  formation,  organization,  and 
procedure— especially  in  regard  to  plant  disposal— which 
remain  to  be  blue-printed. 

In  formulating  the  policies  and  practices  to  be  fol¬ 
lowed  in  dealing  with  government  w'ar  plants,  our 
major  goal  must,  of  course,  be  a  high  level  of  produc¬ 
tion  and  employment  in  private  business  after  the  war. 

Government  operation  in  competition  with  private 
employers  and  privately-employed  workers  will  not  be 
desirable  because  it  will  make  investment  unattractive 
to  private  capital  and  will  limit  opportunities  for  private 
employment.  On  the  other  hand,  sales  to  private  buyers 
which  result  in  increasing  the  concentration  of  industry 
will  also  be  undesirable.  We  must  use  this  opportunity 
to  strengthen  the  competitive  enterprise  system  and  to 
move  away  from,  not  toward,  the  concentration  of 
economic  power  in  either  public  or  private  agencies. 

To  accomplish  these  objectives,  a  program  of  action 
such  as  follows  will  be  necessary: 

1.  An  adequate  reconversion  organization  will  be 
needed  in  the  government,  but  its  powers  and  respon¬ 
sibilities  should  carefully  be  defined  by  Congress. 
Fortunately,  an  able  Administrator  of  Surplus  War 
Property  already  has  been  appointed.  It  will  be  essen¬ 
tial  for  him  to  work  in  closest  cooperation  with  Con¬ 
gress  and  with  the  Armed  Forces  and  other  executive 
agencies.  The  Office  of  War  Mobilization,  and  ulti¬ 
mately  the  President,  must  be  responsible  for  seeing 
that  the  Surplus  \\'ar  Property  Administration  is  not 
sidetracked  by  the  operating  agencies  and  is  not  domi 
nated  by  their  sheer  size.  Funds  must  be  supplied  gen¬ 
erously  to  the  Surplus  War  Property  Administrator,  so 
that  he  can  set  up  an  organization  adequate  to  cope 
with  this  huge  and  complex  job.  Business,  too,  must 
be  generous  in  loaning  top-flight  executives  for  postwar 
government  service. 

2.  One  of  the  first  acts  of  the  Surplus  War  Property 
Administration  will  have  to  be  to  assemble  a  complete 
inventory  of  government  war  plants  and  equipment,  to 
make  possible  the  planning  and  control  of  the  disposal 
process,  and  to  form  the  basis  of  catalogues  of  property 
available  for  sale. 

3.  Cooperation  between  the  executive  and  legislative 
branches  of  the  gov  ernment  will  be  needed  to  develop 
at  least  tentative  plans  with  respect  to  matters  of  public 
policy  which  are  of  special  importance  to  a  successful 
transition  to  peace.  Among  these  matters  are  the  size 
of  the  militarv'  establishment  to  be  maintained  in  time 
of  peace,  the  stand-by  facilities  and  reserves  of  materiel 
necessary  for  our  securitv'  in  case  of  future  war,  and  our 
policy  regarding  import  and  production  of  synthetic 
rubber  and  other  critical  and  strategic  materials. 

1  4.  Tlie  Surplus  M’ar  Property  Administrator  should 


obtain  from  the  Armed  Forces,  acting  under  congres¬ 
sional  directives,  specification  of  those  plants  which  are 
needed  to  supply  our  peacetime  Army  and  Navy  and  to 
provide  the  essential  reserve  capacity  in  case  of  war. 

5.  The  Surplus  War  Property  Administrator  should 
select  certain  war  plants  as  depots  in  which  to  store  the 
huge  surpluses  of  inventories  and  equipment  which 
will  have  to  be  removed  from  private  and  government- 
owned  factories  in  order  to  make  possible  their  con¬ 
version  to  civilian  use. 

6.  Those  plants  which  are  not  desired  by  the  Army 
or  the  Navy,  which  are  not  needed  for  storage,  and  which 
clearly  will  be  unsuitable  for  peacetime  utilization  should 
be  scheduled  for  dismantling  and  disposal  piecemeal. 

7.  The  two  or  three  billion  dollars’  worth  of  govern¬ 
ment  facilities  intermingled  with  private  plant  should 
receive  attention  with  a  view  to  early  sale,  temporary 
continuance  or  use  under  lease,  or  early  removal. 

8.  The  various  plants  and  pieces  of  equipment  avail¬ 
able  for  sale  to  private  business  should  be  classified 
conveniently,  catalogued,  and  advertised  to  prospective 
buyers  or  lessors.  Before  the  Surplus  War  Property  Ad¬ 
ministrator  offers,  for  private  sale,  plants  and  equipment 
not  desired  by  the  Army  or  the  Navy,  he  should  ascer¬ 
tain  whether  the  plants  or  equipment  are  desired  by 
other  branches  of  the  government  or  by  public  corpo¬ 
rations  such  as  the  T.V.A. 

9.  Whenever  property  can  be  sold  at  prices  approx¬ 
imating  depreciated  reproduction  cost,  that  will  be  by 
far  the  best  solution.  Generous  time-payment  terms 
should  be  offered.  In  many  cases  the  government  may 
be  unable  to  sell  the  property'  for  reproduction  cost  less 
depreciation,  for  the  simple  reason  that  no  one  would 
think  of  reproducing  it.  The  property  may  already  be 
partly  obsolete  or,  because  of  its  size,  location,  or  other 
characteristics,  may  only  be  moderately  well  suited  for 
commercial  use.  This  should  not  prevent  the  govern¬ 
ment  from  selling  it,  provided  a  price  which  fairly  re¬ 
presents  the  worth  of  the  property'  can  be  obtained.  Tlie 
best  test  of  that  worth  is  the  price  produced  by  active 
bidding  under  favorable  market  conditions. 

10.  When  property'  cannot  be  sold  at  a  fair  price, 
temporary  leases  with  options  to  buy  should  be  em¬ 
ployed  to  get  the  facilities  into  productive  use.  This 
should  not,  however,  be  done  on  terms  which  would 
cause  unfair  competition  or  create  clearly  excessive 
capacity  in  an  industry'.  And  the  lease  must  be  tem¬ 
porary;  it  must  not  be  the  means  to  prolong  govern¬ 
ment  control  or  ownership. 

11.  The  government  should  offer  the  strongest  pos¬ 
sible  resistance  to  local  groups  or  industry'  groups  seek¬ 
ing  subsidies  for  continued  operation  of  war  properties. 
Subsidies  will  burden  the  Treasury'  and  lead  to  ineffi¬ 
cient  use  of  resources.  They  will  be  justified  only  to 
maintain  facilities  needed  for  national  security. 

12.  The  plants  and  equipment  offered  for  sale  and 
lease  should  include  sufficient  quantities  in  small  enough 
lots  to  satisfv  the  demands  from  small  business.  The  war 


has  tended  to  concentrate  production  in  larger  plants 
After  the  war,  we  should  seek  a  wider  distribution  c 
the  government  war  facilities. 

13.  Insofar  as  possible,  war  buildings  and  equipmti 
should  be  offered  for  sale  in  units  which  can  be  pu 
chased  by  businesses  in  peacetime  industries.  Many  i, 
these  industries  have  had  to  get  along  during  the  Wd 
without  adequate  replacement  and  expansion,  and  wil 
be  ready  to  buy  if  they  are  able  to  get  what  they  war 
from  the  government.  This  is  a  particularly  desirabl 
market  for  surplus  government  property  since  thcN 
industries  are,  for  the  most  part,  not  faced  with  th 
problems  of  excess  capacity. 

14.  Property,  such  as  machinery  and  other  mo\ab!j 
equipment,  which  is  in  excess  of  our  domestic  require 
ments  or  is  more  urgently  needed  by  other  count^it^ 
should  be  exported.  We  shall  need,  and  can  take,  larg 
supplies  of  raw  materials  in  return. 

15.  Property'  which  is  not  needed  by  the  Arme 
Forces,  which  cannot  be  sold  or  leased  on  terms  whicl 
would  be  fair  to  competing  plants,  which  cannot  h 
dismantled  and  distributed  piecemeal,  and  which  cai 
not  be  sold  abroad,  should  be  scrapped  as  soon  as  it 
non-disposability  is  apparent.  Tire  disposal  of  war  plant 
should  be  completed  within  three  to  five  years. 

16.  All  negotiations  for  sale  or  disposal  should  w 
matters  of  open  public  record.  As  Mr.  Baruch  has  said 
the  process  must  be  conducted  in  a  goldfish  bowl.  Tli 
is  as  much  for  the  protection  of  business  as  for  th; 
protection  of  the  government. 

These  courses  of  action  do  not  include  everythin: 
that  must  be  done,  but  they  do  indicate  the  geneu 
lines  along  which  our  surplus  war  plant  disposal  min 
proceed  if  it  is  to  avoid  precipitating  needless  transitio; 
unemployment. 

Tlie  gray  est  danger  of  all  yvill  be  red  tape,  intergov 
ernmental  conflict,  and  inadequate  administration.  1 
would  be  a  great  misfortune  for  the  executiye  am 
legislative  branches  to  quarrel  over  details  of  orgaiii/a 
tion  yvhen  they  agree  on  the  basic  principles  to  h 
followed  in  handling  the  problem.  Obviously,  the  Sur 
plus  War  Property'  Administration  must  cooperate  yuti 
Congress  and  look  to  it  for  policy  guidance.  Just  a 
obviously,  the  disposal  problem  yvill  involve  great  difii 
culties  of  administration  which  must  not  be  coinplicato 
by  congressional  interference,  \^’e  shall  need  the  Ix' 
we  can  get  in  careful  policy  making,  detailed  planning 
good  organization,  and  courageous  action.  Tliis  is  : 
matter  of  vital  importance  to  every  .American.  Tli( 
stakes  are  too  high  to  tolerate  poor  administration  o 
petty  politics. 


y' 


President,  AlcGraw-IIill  Publishing  Company,  luc. 
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CROSS 

TALK 

►  SYMBOLS  ...  As  outlined  on  this  page  in  the 
Marck  issue,  a  compromise  set  of  components  sym¬ 
bols  was  devised  at  a  meeting  held  in  New  York  on  Jan¬ 
uary  22  under  the  auspices  of  the  American  Standards 
Association.  Letter  ballots  were  sent  to  those  who 
had  an  interest  in  the  matter  with  the  request  that 
returns  be  made  by  February  16.  By  March  1  the 
ballots  had  been  returned  with  a  favorable  vote  by 
all  except  a  few  power  people,  who  again  raised 
objections. 

As  a  result  of  this  disagreement,  the  whole  matter 
is;  still  up  in  the  air.  Another  meeting  has  been 
scheduled  to  iron  out  the  troubles. 

In  the  meantime,  thousands  of  men  are  being 
trained  exclusively  in  the  communications  symbols, 
several  industrial  electronic  books  using  power 
symbols  have  been  published  and  are  practically 
unintelligible  to  anyone  approaching  industrial  elec¬ 
tronics  from  a  communications  background,  authors 

(request  publications  like  Electronics  to  refrain  from 
modifying  s}rmbols  used  in  original  diagrams  to  con¬ 
form  with  the  publication’s  style,  and  confusion 
reigns. 

►  TELEVISION  .  .  .  There  is  a  great  deal  of  post¬ 
war  talk  about  sight-broadcasting  these  days.  There  is 
little  likelihood  that  the  industry  will  wait  for  the 
inevitable,  ultimate  Utopian  system  to  be  developed 
before  going  on  the  air.  Television  will  start  off  very 
much  as  it  left  off,  with  some  changes  in  standards, 
some  improvement.  At  the  same  time  experimental 
work  will  not  stop.  Frequency  channels  will  be  made 
available  for  this  forward-looking  work.  The  pros¬ 
pect  that  some  inventions  or  discoveries  will  be  made 
and  which  will  improve  the  present  system  vastly,  per¬ 
haps  make  the  present  system  obsolete,  is  a  chance 
everybody  will  simply  have  to  take. 

First,  however,  the  conflict  between  the  desires  of 
the  FM  enthusiasts  and  the  television  people  for  the 
same  space  in  the  spectrum  must  be  resolved.  Both 
services,  justifiably,  want  more  space. 

Telephone  company,  in  response  to  request  from 
Niles  Trammel,  NBC  president,  indicates  large-scale 
construction  of  coaxial  cable  in  years  1945-1947  and 


requests  television  people  to  state  their  requirements 
so  that  proper  plans  for  future  tie-up  system  may  be 
evolved. 

Anticipating  post-war  television  boom.  Local  306, 
Motion  Picture  Operators’  Union,  is  sending  mem¬ 
bers  to  school  to  learn  radio  and  television.  They 
talk  about  shooting  the  television  programs  on  wire 
lines  (telephone)  from  a  central  station  to  a  group 
of  theaters  so  that  all  can  show  the  same  picture 
but  pay  for  only  one  rental  of  the  film.  MPO  wants 
its  members  ready  for  jobs  at  the  local  theaters. 
Telephone  linesmen’s  union  and  radio  broadcast 
operators’  union  are  keeping  their  eyes  on  this  busi¬ 
ness.  Quite  possible  that  they  will  whack  it  up 
amongst  them,  radio  men  at  the  transmitters,  MPO’s 
at  the  theaters,  telephone  men  sitting  on  the  wires. 

►  FM  .  .  .  Decision  of  broadcast  networks  to  make 
available  to  affiliated  stations  having  FM  outlets  full 
network  programs  free  of  charge  is  a  great  decision 
for  those  with  FM  receivers.  In  New  York,  for  exam¬ 
ple,  full  NBC  and  CBS  programs  are  now  available 
during  the  hours  that  the  FM  outlets  are  on  the  air. 
This  puts  the  New  York  Philharmonic  Society’s  Sun¬ 
day  afternoon  concerts  on  CBS’s  FM  transmitter. 

General  opinion  now  tends  toward  the  idea  that 
FM  will  grow  and  grow,  that  ultimately  all  of  the 
locals  and  many  of  the  regional  stations  will  be  on 
FM,  thus  relieving  the  congestion  in  the  present  AM 
band.  The  result  will  be  the  freeing  of  channels  for 
high-power,  wide-band,  dear-channel  transmitters 
serving  communities  not  near  enough  to  FM  trans¬ 
mitters  to  get  good  reception. 

Thus,  as  often  happens,  the  advent  of  something 
new  will  not  replace  something  old  as  was  feared, 
but  will  actually  make  it  possible  to  improve  the 
older  broadcasting  system  and  enable  it  to  perform  a 
better  service. 

Idealists  who  hoped,  somehow,  that  FM  would  im¬ 
prove  soap  box  operas,  cosmetic  drivel,  sales  talk  for 
“keep-regular”  pills  and  other  cheap  whoopla  are 
doomed  to  disappointment.  This  stuff  sounds  just  as 
nauseating  one  way  as  it  does  the  other.  FM  is  no 
cure  for  mediocrity  and  bad  taste. 
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1 .  Yardmaster  to  locomotiTO  •ngineeri  or  conductors 

2,  Towermen  to  engineers  or  conductors 


Locomotive  cab  to  caboose 


Troin-to-train 


Conductors  (on  trcdxu  or  on  ground)  to  locomotive  engineers 


Trodn-to-tower 


Communicanoiu  between  locomotive  engineers 


Emergency  communications 
Control  of  cob  signals 


Yardmaster  to  supervisory  personnel  on  foot  or  in  mobile  units 


Communication  between  ground  personnel 


Passenger  communications 
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Radio  for 


War-accelerated  technical  progress,  the  need  for  maximum  transportation  system  effi. 
ciency,  the  improving  financial  position  of  railways,  and  the  recent  satisfactory  experi- 
ences  of  ordnance  plants  with  electronic  equipment  have  fortuitously  combined  to  stimu¬ 
late  growth  of  the  field 


By 

WILLIAM  S.  HALSTEAD 

President 

Halstead  Traffic  Communications 
Corporation 
Hew  fork.  Ji.  Y. 


POTENTIAL  RAILWAY  RADIO  SERVICES 
ON  MAIN-LINE  TRACKAGE  IN  YARD  AND  TERMINAL  AREAS 


ON  December  23, 1943,  the  Asso¬ 
ciation  of  American  Railroads 
announced  that  it  had  requested  the 
Radio  Technical  Planning  Board 
to  examine  the  public  safety  possi¬ 
bilities  lying  in  the  proposed  use 
of  radio-telephony  by  rail  carriers. 
It  is  reported  that  this  action  was 
taken,  in  part,  as  a  result  of  public 
comment  that  radio  equipment 
might  have  prevented  a  series  of 
major  rail  accidents  in  which  heavy 
loss  of  life  and  property  was  in¬ 
volved. 

As  it  has  long  been  recognized 
that  radio  communicating  systems 
have  contributed  to  the  safety  and 
efficiency  of  air  and  water  trans¬ 
portation,  it  may  well  be  asked  why 
the  railroads  have  moved  so  slowly 
in  applying  radio  signaling  tech¬ 
niques  to  their  communications 
problems. 


Locomotive  radigtelephone  InetoUation  employed  in  the 
Proviso  yard  of  the  Chicago  and  North  Western  RaUway 


Reasons  for  Pre-War  Hesitancy 

There  have  been  many  reasons 
for  hesitancy,  including: 

(1)  The  attitude  of  the  railroad 
industry  itself  toward  radio  as  a 
communicating  medium.  Although 
some  railroads  have  conducted  tests 


of  radiotelephone  equipment  over  a 
period  of  many  years,  and  a  few 
far-sighted  railroad  executives  have 
studied  the  potential  uses  of  radio 
apparatus,  the  industry  as  a  whole 
has  shown  only  occasional  interest 
in  the  subject.  This  attitude  has 
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been  enforced,  to  a  large  extent,  by 
the  financial  burdens  under  which 
the  railroads  were  obliged  to  oper¬ 
ate.  Also,  the  majority  of  railway 
executives  have  been  trained  in  the 
older  telegraph  and  telephone  tech- 
:  niques,  and  therefore  cannot  be  ex¬ 
pected  to  appreciate  the  full  extent 
to  which  modern  radio  equipment 
is  able  to  provide  many  important 
services  of  value  to  rail  operators, 
as  well  as  to  the  traveling  public. 

?  (2)  The  lack  of  concerted  effort 

on  the  part  of  radio  manufacturing 
groups  to  develop  and  market  radio 
communicating  systems  specifically 
f  engineered  to  meet  the  special  re- 
t  quirements  of  railway  operation. 
Efforts  in  this  direction  have  been 
of  a  sporadic  nature,  in  most  in¬ 
stances,  without  the  existence  of  a 
broad  plan  under  which  the  rail¬ 
road  industry  as  a  whole  w’ould  de¬ 
rive  maximum  benefit  from  the  use 
of  radio  equipment. 

(3)  The  fear  of^  the  railroad 
brotherhoods  that  '  the  adoption 
of  radio  communicating  methods 
would  result  in  a  reduction  in  the 
number  of  men  required  to  perform 
routine  operations,  thereby  produc¬ 
ing  unemployment. 

(4)  Difficulties  involved  in  Fed¬ 
eral  licensing,  particularly  with  re¬ 


spect  to  allocation  of  suitable  radio 
frequencies  for  railway  communi¬ 
cations.  This,  problem  is  compli¬ 
cated  by  the  fact  that  trains  nor¬ 
mally  operate  over  long  distances, 
thereby  precluding  the  assignment 
of  frequencies  on  the  basis  of  lim¬ 
ited-area  coverage,  as  is  the  case 
in  the  majority  of  public  utility 
services. 

(5)  Technical  difficulties  peculiar 
to  railway  installations  of  radio 
equipment,  such  as  the  existence  of 
high  electrical  noise  levels  in  the 
vicinity  of  electromotive  equipment, 
wide  variation  in  signal  strength 
along  trackage  in  industrial  and 
mountainous  areas,  the  need  for 
continuous  indication  in  mobile 
units  that  radio  equipment  em¬ 
ployed  for  traffic  control  purposes 
is  in  operable  condition,  and  the 
need  for  particularly  efficient  shock¬ 
mounting  and  housing  of  transmit¬ 
ters  and  receivers. 

Emergency  Gives  Idea  Impetes 

In  meeting  the  unprecedented  de¬ 
mands  of  the  \var  emergency,  in 
which  serious  shortages  of  man¬ 
power  and  rolling  stock  have  de¬ 
veloped,  the  over-burdened  rail  car¬ 
riers  have  given  consideration  to 
new  methods  by  which  the  efficiency 


of  existing  equipment  may  be  in¬ 
creased.  This  search  for  new  and 
improved  methods  of  operation  has 
broadened,  to  a  considerable  extent, 
the  viewpoint  of  railroad  executives 
towards  all  technological  develop¬ 
ments.  Simultaneously,  increased 
income  has  put  the  railroads,  for 
the  first  time  in  a  number  of  years, 
in  a  financial  position  where  they 
can  give  serious  consideration  to 
improvements  of  a  basic  nature. 
Finally,  recent  rail  disasters,  which 
emphasized  the  need  for  improved 
communicating  methods  in  emer¬ 
gencies  to  supplement  existing 
block-signaling  equipment  and  wire 
facilities,  have  focused  the  atten¬ 
tion  of  the  more  progressive  rail¬ 
road  executives  on  the  proposed  use 
of  radiotelephony  to  increase  safety 
and  efficiency  of  rail  operations. 

In  analyzing  the  reasons  for  lack 
of  substantial  progress  in  the  de¬ 
velopment  and  marketing  of  radio 
equipment  adapted  for  use  on  rail¬ 
ways,  it  should  be  pointed  out  that 
prior  to  the  war  period  neither  the 
railroad  industry  nor  governmental 
agencies  had  much  practical  experi¬ 
ence  data  with  which  to  appraise 
the  value  of  radio  techniques  in 
railroad  operations.  Most  manufac¬ 
turers,  furthermore,  were  not  pre- 
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pared  to  underwrite  the  costly  re¬ 
search  and  development  programs 
required  in  establishing  the  prac¬ 
tical  value  of  radio  in  the  eyes  of 
hard-headed  and  tradition-minded 
rail  executives.  However,  one  engi¬ 
neering  group  had  initiated  in  1937 
a  long-range  development  program 
directed  toward  the  application  of 
radio  traffic-control  and  communi¬ 
cations  techniques  on  highway  and 
railway  transportation  systems. 
This  development  program,  utiliz¬ 
ing  designs  of  the  original  engi¬ 
neering  group,  was  extended  into 
the  railway  classification  yard  field 
in  1940  by  one  of  the  signal  equip¬ 
ment  companies,  and  during  that 
year  an  experimental  radio  tele¬ 
phone  communications  system,  en¬ 
gineered  for  railway  use,  was  in¬ 
stalled  in  the  Proviso  yard  of  the 
Chicago  and  North  Western  Rail¬ 
way. 

The  successful  operation  of  equip¬ 
ment  at  Proviso,  which  incorpo¬ 
rated  automatic  means  for  continu¬ 
ously  checking  on  the  operable  con¬ 
dition  of  the  system  in  accordance 
with  railway  signaling  practice, 
was  brought  to  the  attention  of  the 
operators  of  the  Kingsbury  Ord¬ 
nance  Plant.  The  particular  prob¬ 
lem  of  this  and  similar  plants  was 
to  obtain,  on  some  200  miles  of 
trackage,  maximum  safety  and 
speed  in  handling  the  rail  move¬ 
ment  of  high  explosives.  As  a 
result  of  tests  conducted  at  Kings¬ 
bury,  this  and  other  government- 
owned  ordnance  plants  have  now 
adopted  radio  traffic-control  meth¬ 
ods.  Thus  the  demands  of  efficient 
war  production  provided  the  oppor¬ 
tunity  to  demonstrate  the  practical 
operating  advantages  of  railway  ra¬ 
diotelephony,  while  the  use  of  radio 
equipment  in  ordnance  plants  over 
a  period  of  two  years  has  proved 
the  degree  to  which  radio  control 
techniques  may  increase  the  safety 
and  efficiency  of  yard  operations. 

UHions  ■•coming  Mere  Receptiv* 

In  considering  the  attitude  of  the 
unions  with  respect  to  the  use  of 
radio  by  the  railroad  industry,  ra¬ 
dio  engineers  anticipate  that  the 
sympathetic  and  constructive  co¬ 
operation  of  the  railroad  brother¬ 
hoods  will  soon  be  forthcoming. 

While  it  is  natural  for  the  lead¬ 
ers  of  the  various  brotherhoods  to 
oppose  any  technological  develop¬ 


ment  that  might  appear  to  have  an 
adverse  effect  on  the  number  of 
employees  required  for  railroad  op¬ 
eration,  it  is  thought  that  these 
leaders  are  becoming  aware  of  the 
fact  that  unless  the  railroads  em¬ 
ploy  advanced  means  to  increase 
efficiency  of  operation,  the  rail¬ 
roads  will  not  be  in  a  position  to 
meet  most  effectively  postwar  com¬ 
petition  from  other  forms  of  trans¬ 
portation  and  thereby  maintain  full 
employment  at  good  wages.  Fur¬ 
ther,  the  degree  of  safety  afforded 
by  radio  will,  in  the  opinion  of 
some  railroad  men,  prove  to  be  as 
important  to  railway  labor  as  it 
will  be  to  the  traveling  public.  It 
is  hoped,  therefore,  that  frank  and 
open  discussions  between  the  rail¬ 
road  operators  and  union  leaders 
w  ill  make  possible  the  wholehearted 
support  of  the  brotherhoods  in 
facilitating  the  successful,  wide¬ 
spread  use  of  radio  communicating 
techniques  throughout  the  railroad 
industry. 

FCC  StadyiRg  Ailoeation  Problem 

With  regard  to  questions  per¬ 
taining  to  Federal  licensing  and 


frequency  allocation,  it  is  antici- 
pa  ted  that  the  Federal  ComniunU 
cations  Commission,  other  re^,'ula. 
tory  governmental  agencies,  and 
representatives  from  the  railway 
and  radio  industries  will  now  ac¬ 
tively  cooperate  in  seeking  a  prac¬ 
tical  solution  to  this  problem,  espe¬ 
cially  since  the  public  has  initiated 
a  demand  for  use  of  radio  by  the 
railroads  in  safeguarding  life  and 
property.  In  this  connection,  it  is 
believed  that  the  case  histories  of 
ordnance  plants  will  aid  in  proving 
the  extent  to  which  safety  and  effi¬ 
ciency  of  railway  operations  are 
increased  by  application  of  radio 
control  techniques. 

The  problem  of  frequency  alloca¬ 
tion  for  proposed  railway  services 
is  related  directly  to  the  manner 
in  which  radio  communicating  fa¬ 
cilities  are  to  be  utilized  by  the 
railroads.  If  the  use  of  radio  equip¬ 
ment  is  to  be  placed  on  a  limited 
basis  to  provide  emergency  com¬ 
municating  facilities  only,  it  is  pos¬ 
sible  that  just  a  few  frequencies 
below  100  megacycles  may  be  util¬ 
ized  initially  in  railroad  services, 
especially  during  the  war  period. 


Centrol-Btotion  radiotelephone  equipment  at  the  "hump"  in  ProTieo  yorJ. 
deeeloped  by  Halstead  engineers  ior  the  General  Railway  Signal  Company. 
Units  oi  this  general  type  are  adaptable  ior  installation  along  main-line  track¬ 
age  in  radio-repeater  or  secondary-station  serrices 
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This  csBtral  control  unit  omplo^od  in  ordnanco  plcmt  radiotslephone  sorrico.  is 
located  at  tho  rardmaster's  or  dispatchor's  oiiice  and  pormits  radio-squipped 
locomotiTOs.  motor  Tshiclos  ond  socondary-stations  within  tho  sorrico  oroa  to 
bo  instantly  contacted 


However,  if  broad  benefits  are  to 
be  derived  from  coordinated  use  of 
radio  communicating  systems  in 
routine  operations,  such  as  train 
dispatching,  main  line  and  yard 
traffic  control,  and  other  communi¬ 
cating  services  of  value  to  railroad 
operators  and  passengers,  it  is  be¬ 
lieved  that  more  frequencies,  spe¬ 
cifically  assigned  for  routine  use  in 
railroad  services,  will  be  required. 

Microwovo  oad  ladoctien  Systom 
Possibilitios 

While  it  is  recognized  generally 
that  the  number  of  available  radio¬ 
frequency  channels  below  300  mega¬ 
cycles  is  limited,  it  is  pointed  out 
that  accelerated  technological  prog¬ 
ress  during  the  war  has  extended 
the  useful  range  of  radio  communi¬ 
cating  equipment  to  frequencies 
above  300  megacycles.  It  appears 
to  be  desirable,  therefore,  that  any 
long-range  plan  for  the  application 
of  radio  to  the  railway  industry 
should  embody  a  careful  considera¬ 
tion  of  the  use  of  frequencies  in 
the  microwave  range  where  rela¬ 
tively  few  assignments  have  so  far 
been  made.  In  this  regard,  it  may 
be  stated  that  tests  conducted  on 
frequencies  above  300  megacycles 
have  indicated  that  use  of  micro- 
wave  equipment  in  railway  radio 
services  is  technically  feasible. 

Utilization  of  the  higher  frequen¬ 
cies  also  appears  to  be  desirable 
for  the  reason  that,  at  frequencies 
above  100  megacycles,  and  in  par¬ 
ticular  above  300  megacycles,  di¬ 
rectional  and  restricted-range  radio 
services,  limited  to  line-of-sight 
distances,  become  most  practicable. 
Further,  the  use  of  directional  an¬ 
tenna  systems,  wide-swing  fre¬ 
quency  modulation,  and  automatic 
relay  stations  along  railway  routes 
could  provide  railway  radio  facili¬ 
ties  of  an  extensive  nature  without 
involving  the  assignment  of  an 
excessively  large  number  of  fre¬ 
quencies  for  use  by  the  railroad 
industry  for  traffic  control,  emer¬ 
gency,  and  passenger  communicat¬ 
ing  purposes.  In  this  connection 
it  is  estimated  that  by  the  use  of 
modern  radio-beam  communicating 
techniques,  a  maximum  of  10  to  20 
clear  channels,  on  frequencies  above 
300  megacycles,  would  be  sufficient 
to  provide  radio  signaling  circuits 
required  for  traffic  control  and 
emergency  services  on  all  main-line 
railway  systems. 


In  addition  to  the  use  of  directed 
microwave  radio  channels  in  pro¬ 
viding  new  railway  communicating 
services,  it  is  probable  that  the 
utilization  of  induction-radio  sig¬ 
naling  techniques,  in  which  way- 
side  conductors  are  employed  as 
wave-guides  or  transmission  lines 
to  keep  the  effective  signaling 
field  within  narrow  zones  extending 
along  the  railroad  right-of-way, 
will  prove  to  be  of  value  in  solving 
the  frequency  allocation  problem. 
These  restricted-range  signaling 
methods  may  be  of  particular  aid 
in  providing  supplementary  com¬ 
munications  channels  along  main¬ 
line  trackage,  in  small  railway 
yards  such  as  those  of  industrial 
plants,  and  in  congested  terminal 
areas.  Services  of  this  t3rpe,  how¬ 
ever,  require  the  use  of  wire  con¬ 
ductors  along  railway  trackage, 
and  therefore  do  not  have  the  flexi¬ 
bility  afforded  by  normal  space- 
radiation  methods. 

Sugg*ft«d  Temporary  Channol  Ex¬ 
pedient 

Although  railroad  radio  equip¬ 
ment  designed  for  operation  in  the 
microwave  field  would  appear  to  be 
the  ultimate  answer  to  the  problem 
of  frequency  allocation,  it  is  under¬ 
stood  that  during  the  war  period 
the  Federal  Communications  Com¬ 
mission.  upon  proper  showing  that 
a  radio  service  is  in  the  public  in¬ 
terest.  will  grant  licenses  on  a  Class 


2  experimental  or  special  emer¬ 
gency  station  basis  to  cover  opera¬ 
tion  of  equipment  on  frequencies 
below  300  megacycles.  In  this  in¬ 
stance,  it  is  possible  that  it  would 
be  necessary,  at  a  later  date,  to 
modify  the  equipment  for  operation 
at  higher  frequencies,  should  the 
use  of  higher  frequencies  be  advis¬ 
able  for  technical  reasons. 

A  request  of  the  railroad  indus¬ 
try  for  the  allocation  of  frequen¬ 
cies  for  rail  communications  pur¬ 
poses,  together  with  maintenance 
of  a  progressive  viewpoint  on  the 
part  of  the  railroad  industry  with 
regard  to  its  future  activity,  should 
stimulate  a  solution  to  the  problem 
of  frequency  allocation  for  general 
railroad  use. 

Taekaical  Problems  Largely  Solved 

In  meeting  the  technical  prob¬ 
lems  involved  when  applying  radio 
techniques  to  mobile  railway  units 
of  various  types,  and  in  effecting 
coverage  of  railway  trackage  ex¬ 
tending  throughout  industrial  or 
mountainous  areas  where  shielding 
effects  are  encountered,  it  may  be 
stated  that  solutions  to  these  prob¬ 
lems  have  already  been  found. 
These  solutions  include  the  devel¬ 
opment  of  practical  methods  of  elec¬ 
trical  noise  reduction  as  afforded 
by  the  frequency-modulation  sys¬ 
tems  developed  by  Major  Arm¬ 
strong,  and  the  use  of  automatic 
{Continued  on  page  210) 
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nerve  fibers  of  each  sense  organ 
are  normally  subject  to  excitation 
only  by  one  form  of  energy.  Imme¬ 
diately  following  local  activation, 
the  nerve  fiber  is  incapable  of 
response  for  the  brief  period  (ap¬ 
proximately  0.4  to  0.66  ms)  nec¬ 
essary  to  effect  repair.  This  is 
called  the  “absolute  refractory  pe¬ 
riod.”  During  recovery,  as  the 
original  semipermeable  state  of  the 
membrane  is  approached,  a  rela¬ 
tive  refractory  period  occurs  dur- 


stimulus  to  activate  skeletal  muscle, 
which  in  sequence  produces  an  elec¬ 
trical  response  of  similar  wave 
form.  When  a  nerve  fiber  is  me¬ 
chanically,  electrically,  chemically 
or  otherwise  stimulated,  the  cov¬ 
ering  membrane  becomes  selec¬ 
tively  (with  respect  to  various 
ions)  more  permeable  at  the  point 
of  stimulation.  A  local  bioelectric 
current  then  Hows  from  the  posi¬ 
tive  surface  to  the  internal  area 
and  stimulates  a  similar  cycle  in 


The  FWRPb^E'of  this  article  is  to 
present  a  review  of  the  elec¬ 
tron  arts  applied  to  therapy,  medi¬ 
cal  diagnosis  and  related  research. 

In  a  field  indicating  so  many  new 
directions,  with  current  investiga¬ 
tions  constantly  expanding  the 
available  data,  it  is  not  possible  to 
,V  freeze”  the  information  into  a 
Xr  static  picture.  The  literature  is 
J  ^  growing  -logaritbmicaHy  with  time, 
^  and  even  a  bibliography  would  fill 
several  volumes. 

A  brief  list  of  special  terms,  de¬ 
fined  according  to  the  meanings 
intended  in  this  article,  appears  in 
Table  1. 

The  generation  of  electrical 
charges  by  muscular  contraction 
was  observed  by  D’Arsonval  in 
1870,  nearly  a  hundred  years  after 
the  reverse  effect  was  demonstrated 
by  Galvani.  During  the  next  few 
decades  the  presence  of  electrical 
waves  was  discovered  in  connection 
with  functions  of  the  nerves,  heart, 
brain  and  other  organs  in  humans. 
More  recent  techniques  have  re¬ 
vealed  electro-dynamic  fields  with 
distinct  patterns  corresponding  to 
specific  types,  species  and  indi¬ 
vidual  living  organisms. 
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EltctrIcpI  Mod»l  of  Axon 


Equivalent  electrical  circuit  of 
nerve  fiber  membrane  cross  section 


Schematic  diagram  oi  nerT#  cell,  ehowing  phyiicol  and  electrical  relationships 


Bioelectric  Currents 

Currents  produced  in  living  or¬ 
ganisms  may  be  divided  into  five 
broad  categories: 

1.  D-C  Differences  of  Potential: 
These  gradients  appear  in  all  living 
tissue,  varying  directly  with  the 
local  rate  of  metabolism.  The  outer 
surface  of  a  single  cell  is  normally 
polarized  with  respect  to  its  in¬ 
ternal  structures. 

2.  Transient  Diphasic  Spikes: 
These  abrupt  voltage  changes  ap¬ 
pear  when  skeletal  muscle  or  nerve 
fiber  is  activated.  In  nerve  fibers 
such  currents  are  called  “action  po¬ 
tentials,”  and  often  function  as  a 


the  adjacent  region  of  the  cell.  In 
this  manner  a  wave  of  increased 
permeability  and  consequent  de¬ 
polarization  is  generated  and  propa¬ 
gated  so  as  to  travel  over  the 
entire  structure. 

Each  action  potential  in  a  single 
nerve  fiber  bears  no  quantitative 
relation  to  the  magnitude  of  the 
external  stimulus ;  the  response  is 
“all  or  none,”  and  occurs  whenever 
a  specific  minimum  of  energy  is 
applied.  This  quantitative  thresh¬ 
old  varies  in  specialized  sense 
organs  for  different  qualitative 
types  of  stimuli.  Consequently  the 


ing  which  the  threshold  of  stimula¬ 
tion  is  relatively  high,  returning 
to  normal  as  recovery  is  completed. 

If  the  stimulus  is  sufficiently 
strong  and  appears  periodically  so 
as  to  re-excite  the  nerve  fiber  early 
in  the  relative  refractory  period, 
the  magnitude  of  the  action  poten¬ 
tials  diminishes  to  an  equilibrium 
which  is  a  function  of  the  fre¬ 
quency  of  stimulation.  This  equi- 
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TABLE  I.  DEFINITIONS  OF  MEDICAL  TERMS  USED  IN  THIS  ARTICLE 


CELLi  Th*  unit  ol  (tnictur*  for  living  oraanitmi. 
A  cell  comitb  of  •  nucleus,  which  directs  the 
•ctivitv,  end  cytoplasm,  which  surrounds  the 
nucleus  and  carries  out  the  activity.  Semi- 
permeable  membranes  separate  the  nucleus 
from  the  cytoplasm,  and  the  cytoplasm  from 
its  environment 

CyrOPLASM:  The  viscid,  sticky  substance  which 
does  the  work  of  the  cell,  h  contains  many 
structural  variatiorss  locally  and  senerally,  and 
is  composed  of  carbohydrates,  fats  and  proteins, 
as  well  as  many  special  enzyme  systems,  min¬ 
erals,  water,  salts,  etc. 

NEURON;  A  cell  specialized  by  its  cytoplasmic 
form  and  structures  for  conducting  a  nerve  im¬ 
pulse 

NERVE  IhAPULSE;  A  condsreted  tendency  to 
excite  activity  in  the  next  unit  of  a  chain;  its 
energy  has  electrical,  chemical  and  thermal 
manifestations  and  is  derived  from  the  local 
area  where  it  appears  at  a  specific  moment  ol 
time. 

■  DENDRITE:  The  braiKhing  arms  of  cytoplasm  in 
the  neuron  which  remain  within  two  eu  mm  of 
the  cell  body  in  which  the  nucleus  is  located; 
they  receive  the  nerve  impulses  from  other 
neurons. 


AXON;  The  single  structure  reaching  from  the  cell 
body-of  the  neuron  which  may  extend  for  dis¬ 
tances  up  to  four  or  five  feet,  terminating  upon 
the  dendrites  and  cell  body  of  another  neuron 
or  some  other  type  of  specialized  cell  (effector 
organ) 

tytYELIN  SHEATH  OR  NIEDULLATION:  The 
fatty  coating  which  covers  axons  requiring  soced 
of  action;  the  velocity  of  propagation  of  the 
nerve  impulses  is  related  to  the  thickness  of  the 
fatty  sheath 

INNERVATION:  The  nerve  supply  to  clusters  of 
cells  of  the  same  type  and  function. 

SYNAPSE;  Originally  a  functional  concept  of 
the  special  characteristics  of  the  brain  and  spinal 
cord  in  contrast  to  axons.  These  include;  (1) 
one-way  conduction;  (S)  gradation  of  response 
to  strength  of  stimulus;  (3)  easy  fatigueability; 
(t)  summation  of  impulses;  (5)  inhibition  or 
suppression  of  excitation.  Used  In  the 
anatomical  sense  in  this  paper  to  refer  to  the 
contact  of  the  specialized  endings  of  axons 
with  the  dendrites  or  cell  bodies  of  other 
neurons. 

OVULATION:  The  process  of  discharging  an 
egg  cell  (ovum)  from  the  ovary  into  the  con¬ 
ducting  tubes  of  the  uterus. 


STIMULUS;  A  quantity  of  energy  which  when 
applied  will  evoke  a  response. 

SENSE  ORGAN:  A  cell  or  group  of  cells 
specialized  in  responding  to  a  particular  form 
of  energy  (stimulus)  at  a  lower  threshold  than 
other  forms  of  energy. 

SKELETAL  (VOLUNTARY)  MUSCLE.  A  mass 
of  cells  capable  of  resporrding  to  nerve  impulses 
by  a  rapid,  vigorous  shortening  (or  increased 
tension);  this  is  the  type  of  muscle  with  which 
voluntary  movements  are  produced.  Under 
the  petrographic  miaoscope  the  cytoplasm  of 
skeletal  muscle  shows  alternating  transverse 
bands  of  isotropic  and  anisotropic  substances. 

SMOOTH  MUSCLE:  Layers  or  sheets  of  smalt 
spirrdle-shaped  cells  which  enclose  all  hollow 
internal  organs  (stomach,  intestine,  bladder, 
genitalia,  etc.)  and  most  blood  vessels;  they 
are  capable  of  adapting  their  dimensions  within 
wide  limits  to  changing  conditions  without  in¬ 
creased  tension,  and  are  characterized  by  slow 
(usually  rhythmic)  contractions;  smooth  muscle 
is  not  generally  subject  to  voluntary  control, 

CARDIAC  MUSCLE:  A  sp^ial  type  of  cellular 
construction  associated  with  the  action  of  the 
heart,  with  characteristics  between  those  of 
smooth  and  skeletal  muscle. 


series-parallel  connection  of  audi¬ 
tory  nerve  endings  to  certain  hair 
cells  in  the  inner  ear. 

Note:  The  point  of  connection 
between  neurons  (synapse)  pre¬ 
sents  a  number  of  unsolved  mys¬ 
teries.  Some  evidence  indicates  the 
release  of  a  chemical  mediator 
(sympathin,  acetylcholine,  etc.)  at 
the  nerve  endings,  which  functions 
to  activate  muscle  tissues  and  may 
be  the  mode  of  transmission  at 
synapses.  The  transmission  time 
across  synaptic  junctions  ranges 
from  0.5  to  3.0  milliseconds. 

3.  Semi-Rhythmic  Wave  Forms: 
Smooth  muscle  moves  with  a  slow 
undulation  that  generates  a  corre¬ 
sponding  electrical  wave  form. 
This  type  of  .electrical  manifesta¬ 
tion  accompanies  the  regular  con¬ 
tractions  and  relaxations  of  the 
intestinal  tracts  during  digestive 
processes. 

4.  Microphonic  Currents:  The 
so-called  “cochlear  response”  from 
the  inner  ear  is  an  electrical  cur- 
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Brain  stimulator  boinq  usod  to  locate  areas  ol  low  threshold  of  Irritability 
in  the  exposed  brain.  Currents  indicating  epileptic  seixures,  thus  induced, 
are  recorded  on  the  electroencephalograph  tope  and  made  visible  on  the 
screen  of  the  cothode-rcry  tube  for  the  operating  surgeon,  while  audio-fre¬ 
quency  components  ore  reproduced  by  the  loudspeaker.  The  patient  is 
consdous  during  the  operation,  as  general  anesthesia  would  disrupt  the 
brain-ware  patterns.  Equipment  shown  is  from  Electro-Medical  Laboratory. 

Inc.,  Holliston,  Moss. 


second,  and  the  velocity  of  conduc- 
[  tion  ranges  from  1  to  100  meters 
per  second,  averaging  around  30 
mps.  It  should  be  noted  that  the 
considerable  length  of  many  axons 
nd  the  relatively  slow  travel  of 
lion  potentials  makes  it  possible 
for  large  differences  in  activity  to 
pear  at  various  points  simultane¬ 


ously  in  the  same  cell.  An  action 
potential  starting  at  one  end  may 
encounter  and  be  terminated  by  an 
absolute  refractory  period  further 
along  the  fiber  which  resulted  from 
a  second  stimulus  originating  even 
later  in  time.  This  may  have  some 
importance  in  connection  with 
masking  effects  produced  by  the 


unfertilized  eggs,  on  seeds  and 
plants,  on  wide  varieties  of  living 
systems,  have  all  seemed  to  verify 
conclusively  the  interdependent  ex¬ 
istence  of  electric  fields  in  connec¬ 
tion  with  growth,  change  and  all 
cellular  activity.**  Experiments 
are  indicated  to  determine  whether 
the  growth  of  living  systems  can 
be  deliberately  influenced  by  exter¬ 
ior  applications  of  electro-dynamic 
patterns,  but  little,  if  any,  evidence 
of  a  conclusive  nature  has  been 
presented  from  this  approach. 

Certainly  it  is  an  amazing  mech¬ 
anism  that  controls  the  growth 


The  Burr-Lane-Nims  vacuum- 
tube  microvoltmeter*,  diagram  med 
in  Fig.  1,  solves  these  problems. 
This  instrument  requires  little  as¬ 
sociated  shielding,  contains  stand¬ 
ard  radio  parts  and  is  conveniently 
portable.  The  circuit  is  a  bridging 
arrangement  using  two  type  11 2- A 
radio  tubes  with  a  special  battery 
bias  supply  for  the  grids,  which  is 
adjusted  to  the  “floating  grid” 
potential. 

Associated  equipment  consists  of 
an  accurate  galvanometer  and  re¬ 
versible  silver,  silver-chloride  elec¬ 
trodes  which  may  be  designed  for 
microscopic  manipulation.  A  num¬ 
ber  of  necessary  precautions  and 
calibration  procedures  are  fully  out¬ 
lined  in  the  referenced  paper  on 
this  instrument. 

One  of  the  most  dramatic  demon¬ 
strations  of  the  existence  of  an 
electro-dynamic  field  has  been  pro¬ 
duced  by  placing  on  a  turntable 
a  vessel  containing  a  salamander 
immersed  in  salt  water.  When  ro¬ 
tation  takes  place  between  elec¬ 
trodes  connected  to  a  galvanometer, 
a  sine-wave  output  may  be  re¬ 
corded,  showing  that  the  salaman¬ 
der  is  functioning  as  the  living 
armature  of  a  dynamo,  proving 
the  presence  of  an  electric  field.' 
All  of  this  excites  great  interest, 
and  the  answers  to  many  basic 
riddles  of  organization  may  well  be 
established  as  a  result  of  such 
research. 


rent  which  follows  the  frequency 
and  amplitude  pattern  of  the  sound 
energy  stimulus  with  considerable 
fidelity.  This  is  the  only  phenome¬ 
non  where  living  tissue  has  been 
demonstrated  to  function  as  a  di¬ 
rect  ratio  transducer  of  complex 
energy  patterns.  The  optic 
mechanism  may  have  some  similar 
characteristics. 

5.  Continuous  Rhythmic  Wave 
Forms:  In  the  central  nervous 
system  (brain)  the  electrical  com¬ 
ponent  of  continuous  activity  is 
c  .Tinipresent.  These  brain  waves 
are  observed  as  a  steady  flow  of 
rhythms  subject  to  many  interpre¬ 
tations.  The  correlations  with 
pathological  conditions  are  based 
on  empiric  knowledge. 

The  vast  majority  of  information 
about  all  these  currents  has  been 
obtained  since  the  advent  of 
vacuum-tube  amplifiers.  Special 
equipment  of  various  kinds  has 
been  developed  for  studying  specific 
manifestations.  There  is  a  con¬ 
siderable  trend  today  to  combine  a 
variety  of  simultaneous  measure¬ 
ments  and  integrate  the  resulting 
data  into  a  coordinated  diagnosis. 
Considerable  w'ork  along  this  line 
was  reported  by  Dr.  Lynn  in  the 
January,  1944,  issue  of  Elec¬ 
tronics. 
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FIG.  1 — Circuit  diagram  of  Burr-Lon*- 
Nims  yacuum-tub*  microToItmeter.  UB*d  for 
measuring  extremely  small  potentieds  in 
liying-tissue  structures  during .  medical  re¬ 
search  and  for  determining  oyulation  time 
in  experiments  with  artificial  insemination. 
Both  tubes  are  used  with  bases  remoyed. 

(Yals  Journal  of  Biology  ond  Medicine) 


Electrodynamic  Field  Patterns 

It  is  still  difficult  to  state  the 
extent  to  which  the  organization 
and  growth  of  living  cells  is  di¬ 
rected  by  associated  electric  fields. 
The  phenomena  appear  to  be  inex¬ 
tricably  intermingled,  each  depend¬ 
ent  on  the  other  for  existence  and 
orientation,  and  confirmatory  evi¬ 
dence  for  the  basic  inter-relation¬ 
ship  has  been  clearly  established. 

Successful  predictions  regarding 
the  axis  along  which  a  central 
nervous  system  would  develop  have 
been  based  on  measurements  of 
voltage  differences  existing  in  the 
eggs  of  frogs  and  salamanders. 
Studies  of  cancer  in  the  breasts 
of  mice  have  shown  that  a  meas¬ 
urable  change  in  field  strengths  in¬ 
dicates  the  onset  of  wild  cell 
growths  before  they  can  be  ob¬ 
served  by  touch.  Alice  suscepti¬ 
ble  to  cancer  appear  to  have  char¬ 
acteristic  electro-dynamic  fields  in 
their  breast  structures  which  dif¬ 
fer  observably  from  cancer  resist¬ 
ant  types.  Aleasurements  made  on 


Electro-Sliocli  Therapy 

Of  more  immediate  practical  im¬ 
portance  is  the  application  of  elec¬ 
tronic  devices  to  therapy  and  diag¬ 
nosis.  The  use  of  diathermy  ma¬ 
chines  is  so  common  today  as  to  be 
familiar  to  nearly  everyone.  It  is 
of  particular  importance  that  ac¬ 
ceptance  of  new  techniques  is  rapid, 
and  the  medical  practitioner  is 
more  eager  to  take  quick  advantage 
of  developments  than  ever  before 
in  history. 

An  example  is  the  speed  with 
which  the  use  of  electric  shock  has 
spread  in  the  treatment  of  psy¬ 
chotic  disorders.  Although  first 
demonstrated  only  five  years  ago 
(Rome,  Italy,  1938),  the  litera¬ 
ture  already  contains  more  than 
150  papers  on  this  subject.*  Com¬ 
mercial  apparatus  is  available,  and 
most  major  hospitals  have  trained 
operators  on  their  staffs.  Electrici 


of  living  organisms  with  complex 
biological  designs,  in  the  midst  of 
intricate  chemical  changes,  with 
so  little  inconsistency.  It  may  well 
be  that  this  fundamental  organ¬ 
ization  is  accomplished  by  electrical 
means. 

The  mapping  of  direct  voltage 
gradients  in  living  structures  pre¬ 
sents  many  special  problems,  and 
requires  an  instrument  of  suffi¬ 
ciently  high  input  impedance  to 
draw  a  minimum  of  current  from 
the  area  under  investigation  and 
be  reasonably  unaffected  by  vary¬ 
ing  resistances.  Quadrant  elec¬ 
trometers  are  ruled  out  by  many 
difficulties  involved  in  their  opera¬ 
tion,  as  w’ell  as  high  sensitivity 
requirements. 
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shock  offers  many  advantages  of 
control  in  convulsive  therapy,  and 
has  been  adopted  widely  because  of 
the  relatively  low  incidence  of  post¬ 
treatment  complications.  Among 
the  desirable  results  from  electric 
jhoek  therapy  is  the  immediate  un- 
,  onsi  iousness  produced  upon  appli¬ 
cation  of  the  stimulus,  and  the 
fieedom  from  unpleasant  sensa¬ 
tions  such  as  are  associated  with 
recovery  from  metrazol  injections. 
Of  equal  interest  is  the  amnesia 
the  patient  has  for  the  treatment, 
which  improves  his  cooperation  in 
!•  la  cssive  applications.  This  is  of 
particular  importance  because 
mny  practitioners  regard  thirty  or 
more  convulsions  as  necessary  for 
permanent  cures  of  certain  dis¬ 
orders. 

Manufacturers  of  this  equipment 
Stress  the  incorporation  of  safety 
features,  such  as  protective  circuits 
lo  prevent  application  of  treatment 
mrrents  prior  to  determining  the 
[uiper  amperage  and  duration  of 
the  shock.  Automatic  timers  rang¬ 
ing  from  0.1  to  0.5  second  are  in¬ 
cluded,  and  safety  switches  prevent 
the  possibility  of  excessive  current 

E'lr^^es. 

When  the  60-cycle  shock  current 
>  applied,  it  is  important  that  the 
itctrodes  be  in  firm  contact  with 
he  temples.  In  most  cases  400 
'  450  milliamperes  applied  for 


from  0.2  to  0.3  second  .will  produce 
general  convulsions,  but  the  exact 
treatment  required  varies  with  the 
individual  patient. 

The  "why  it  works”  questions 
about  electric  shock  therapy  are 
completely  unanswered.  Conjec¬ 
tures,  which  have  little  if  any  basis 
in  definite  experimental  evidence, 
range  from  the  belief  that  organic 
changes  are  produced  in  the  brain 
(possibly  destroying  higher  nerve 
centers)  and  the  theory  that  abrupt 
overloading  of  the  nerve  circuits 
reestablishes  proper  connections. 
The  brain  centers  it  is  desired 
to  affect  have  not  been  specifically 
located.  In  fact,  beyond  the  bare 
knowledge  that  electric  shock  pro¬ 
duces  convulsions  that  are  bene¬ 
ficial  in  certain  psychotic  disorders 
and  that  current  magnitude  and 
duration  are  determining  factors, 
very  little  is  definitely  known  about 
this  type  of  therapy.  A  great  deal 
of  experimental  work  under  con¬ 
trolled  conditions  is  needed. 

Electric  shock  is  a  powerful  tool, 
and  as  additional  experimental 
work  goes  forward,  an  increased 
understanding  may  expand  the  use 
of  this  type  of  therapy.  It  is  in¬ 
teresting  to  note  that  early  work¬ 
ers  based  the  calculation  of  treat¬ 
ment  currents  on  d-c  resistance 
measurements  and  were  annoyed 
and  perplexed  at  the  apparent 


anomalous  failure  of  the  treatment 
current  lo  behave  in  accordance 
with  Ohm’s  law.  It  has  been  shown 
that  the  equivalent  circuit  approxi¬ 
mates 


0.  Vf.  6Z* 


in  which  C  represents  the  reactance 
introduced  by  the  polarizability  of 
living  tissue.  When  such  tissue  is 
highly  stimulated,  the  polarizabil¬ 
ity  approaches  zero  and  R,  falls 
to  a  relatively  low  value,  essentially 
short-circuiting  C  and  reducing  the 
effective  resistance  to  a  figure  far 
below  the  measured  d-c  value.  To 
circumvent  this  difficulty,  some  in¬ 
struments  have  built-in  circuits 
with  which  the  effective  resistance 
is  calculated  on  the  basis  of  a  high- 
frequency  (approximately  7000 
cps),  low-intensity  current  which  is 
readily  passed  by  C.’ 

The  frequency  for  the  test  cur¬ 
rent  must  be  selected  to  avoid  the 
pararesonant  point  of  the  nerve 
cells,  in  order  to  eliminate  any 
possible  sensation  by  the  patient 
during  the  test.  Actually,  d-c 
resistance  measurements  change 
with  the  manner  of  electrode  ap¬ 
plication,  and  voltages  vary  accord¬ 
ingly.  Conversely  the  electrode 


pOVE  Electro-shock  thorapy  unit  made  by  Rohm  Instruments 
p  New  York.  Bolls  of  steel  wool  held  by  locking  tongs  serre  as 
electrodes 


uH.— Electro-shock  therapy  equipment  in  use.  This  instrument, 
<ide  by  Ofiner  Electronics  Inc.,  Chicago,  uses  flat  metal  electrodes 
held  in  position  by  a  soft,  flexible  band  around  the  head 
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Application  oi  small  lead  electrode  to  the  scalp  with  collodion  and  a  con- 
duchTe  paste,  for  brain-ware  recordings.  The  scalp  !■  not  pierced,  nor  is 
It  necessary  to  cut  away  any  hair.  This  photograph  was  token  in  the 
Brain-Ware  Deportment  of  Harper  Hospital.  Detroit 

Cortical  stimulator  unit  made  by  Rohm  Instruments.  Inc.  When  the  electrodes 
ore  applied  to  the  exposed  surface  of  the  brain,  the  muscles  controlled 
by  thcrt  secdon  will  more  and  thru  identify  that  cortical  area.  An  RC 
oscillotor  using  a  gaseous  triode  and  followed  by  an  a-f  amplifier  gen¬ 
erates  7.5.  IS.  30.  60.  90.  120.  240.  480  ond  1000  cps.  with  the  saw-tooth 
output  roltage  being  rariable  from  0  to  10  r 


technique  does  not  greatly  change 
the  effective  resistance  measured 
at  hfgh  frequencies,  nor  does  it 
appear  to  alter  appreciably  the  cur¬ 
rent  required  for  treatment.  It  is 
the  current,  and  not  the  voltage, 
which  produces  the  convulsions. 
Hence,  variations  between  tech¬ 
niques  and  patients  may  result  in 
widely  differing  voltages,  but  data 
on  current  values  can  be  correlated 
without  precise  reference  to  other 
controls. 

Elsctro-Narcosis 

Development  of  electro-shock 
therapy  has  led  to  revived  interest 
in  electrical  anesthesia.  Relatively 
few  papers  are  available  on  this 
subject,  but  experiments  date  back 
over  fifty  years.  Shortly  before 
the  turn  of  the  century  an  opera¬ 
tion  was  reported  as  successfully 
performed  under  local  electrical 
anesthesia.  Both  direct  and  alter¬ 
nating  currents  have  been  used,  but 
unfortunately  the  results  reported 


by  various  investigators  differ  so 
greatly  that  few  valid  conclusions 
can  yet  be  assumed.. 

One  set  of  experimental  results 
from  tests  on  frogs,  rats  and  dogs 
indicates  the  production  of  a  reflex 
block  due  to  central  action  by  ap¬ 
plication  of  a  current  that  approxi¬ 
mates  one  milliampere  per  sq  mm 
of  spinal  cord  cross-section.*  Com¬ 
plete  anesthesia  was  produced  and 
maintained  for  eight  hours  in  one 
dog,  and  repeated  periods  of  several 
hours  each  produced  no  observable 
histologic  effects  in  the  spinal  cords 
of  rats  and  dogs.  In  the  work 
with  dogs,  one  electrode  was  placed 
in  the  mouth  and  the  other  in  the 
anus.  The  d-c  resistance  was  meas¬ 
ured  at  a  rather  surprisingly  low 
value,  around  500  ohms.  Twenty 
volts  was  required  to  obtain  the 
45  ma  of  current  necessary  for 
anesthesia.  Some  experimenters 
report  inability  to  duplicate  these 
results.  Alternating-current  tests 
have  produced  data  with  somewhat 


greater  agreement  between  investi¬ 
gators. 

The  desirability  of  producing 
anesthesia  electrically  includes  a 
number  of  obvious  advantages  of 
control  and  convenience.  Certain 
direct-current  experiments  have 
shown  the  effect  to  be  reversible. 
It  is  believed,  in  general,  that  a-c 
is  less  likely  to  cause  serious  dam¬ 
age  such  as  is  associated  with  the 
polarization  of  delicate  cellular 
structures.  As  in  electroshock 
therapy,  the  theories  with  regard 
to  electrical  anesthesia  are  numer¬ 
ous  and  varied.  No  one  knows 
definitely  “why,”  and  careful  ex¬ 
perimental  work  is  needed  to  ex¬ 
haust  the  possibilities.  This  may 
have  no  practical  value,  or  the  solu¬ 


tion  might  provide  an  inestimable 
contribution  to  mankind.  Certainly 
it  is  a  field  worthy  of  continued 
exploration. 

Impedance  Measerementi 

In  connection  with  research  to 
determine  the  effects  of  centrifugal 
force  in  aircraft  maneuvers, 
changes  in  blood  circulation  have 
been  correlated  with  tissue  im¬ 
pedance  data.  A  device  for  auto¬ 
matically  recording  these  effects 
during  flight  has  been  developed 
at  Yale  by  Drs.  L.  F.  Nims  and 
Jan  Nyboer. 

Equally  interesting  is  the  work 
in  connection  with  thyroid  dls 
orders  started  in  1933  by  Dr.  M.  A 
B.  Brazier,*  now  of  the  Massa 
chusetts  General  Hospital.  As  dis 
cussed  under  electro-shock  therapy, 
there  are  many  difficulties  of  con 
trol  in  making  d-c  resistance  nieaa 
urements  on  living  tissues.  Fve" 
slight  changes  in  electrode  twh 
nique  often  produce  large  devia 


100 


April  1944  -  ELECTRONIC 


tions.  Impedance  to  alternating 
currents  can  be  determined  with 
greater  accuracy,  and  a  definite 
correlation  has  been  found  with 
thyrotoxicosis.  In  cases  of  goiter 
it  is  important  to  distinguish  be¬ 
tween  toxic  activity  of  the  thyroid 
gland  and  non-toxic  conditions. 
Previously  diagnosis  has  been  based 
on  basal  metabolism  rates.  6.  M. 
R.  measurements  involve  hospitali¬ 
zation,  fasting  and  many  variables. 

In  these  investigations  the 
human  body  was  considered' as  an 
irregularly  shaped  quantity  of  di¬ 
electric  substance.  The  dielectric  loss 
angle  6,  or  the  correlative  power 
factor  angle  «f>),  either 

of  which  may  be  considered  as  the 
“impedance  angle,”  are  quantita¬ 
tive  measurements  which  elimin¬ 
ate  the  variable  factors  of  size  and 


shape.  The  angle  of  the  impedance 
vector  may  be  measured  in  terms 
of  either  reference,  i.e.,  with  re¬ 
spect  to  pure  resistance  or  pure 
capacitance  vectors,  because  clini¬ 
cal  results  are  concerned  only  with 
deviations  from  a  standard. 

Using  simple,  portable  devices 
consisting  of  an  oscillator,  a  varia¬ 
tion  of  the  Wheatstone  bridge  and 
a  heterodyne  unit  (in  order  to  make 
possible  the  use  of  frequencies 
above  the  audible  range),  the  im¬ 
pedance  angle  of  a  human  body  may 
be  measured  in  approximately  five 
minutes.  No  previous  conditioning 
of  the  patient  is  required.  Exten¬ 
sive  statistical  programs  have  de¬ 
termined  the  validity  of  this  meas¬ 
urement  in  terms  of  the  B.  M.  R. 
in  thyrotoxic  patients.**  An  addi¬ 
tional  use  for  this  method  is  found 


in  the  control  of  thyroid  dosage  for 
treatment  of  mental  disorders." 

Stadict  of  Ovulotioo 

Conception  can  occur  only  during 
a  brief  number  of  hours  following 
ovulation,  and  for  this  and  other 
reasons  a  knowledge  of  the  time 
at  which  the  ovum  is  released  has 
importance  in  gynecology.  Char¬ 
acteristic  electrical  changes  were 
reported  in  1935  in  connection  with 
ovulation  in  rabbits.  “  Subsequent 
investigations  in  humans  appeared 
to  confirm  the  accuracy  of  this  cor¬ 
relation.  Recent  studies’*  have  in¬ 
volved  artificial  insemination  of  pre¬ 
viously  infertile  women  at  the 
time  indicated  by  the  changing  po¬ 
tential  associated  with  ovulation. 
Although  some  of  these  women  had 
{Continued  on  page  356) 


TABLE  11.  ELECTRO-BIOLOGICAL  MEASUREMENTS 

PhenMMM 

Observing  Instramerrts 

Oder  of 
Magnltede  in 
Millivolts 

Physioioflc  Source 

Application  of  Knowledge 

Volitts  stnsrtled  by  heart  action. 

Eleckocardiograph  (EKG  Re- 
cordings^  Special  electrode 
technipues  recently  developed 
permit  flexible  observing  view* 
point  *1. 

I.O-R.O 

Cardiac  musde. 

Diagnosisr  confirmation  of  diagnosis,-  indi¬ 
cation  of  pathologic  disturbance  to  normal 
functions. 

Cenkaction  of  ihclctal  mutcle  genarates  abrupt 
voktfc  bamienti 

VT  amplifier  wHh  associated 
recording  Instruments.* 

0.05-10.0 

(50.0**) 

Skeletal  muscle. 

Treatment  for  infantile  paralysis  may  be 
checked  to  irsdicate  extent  of  progress. 
Diagnosis  and  study  of  muscular  pa¬ 
thology.  - 

Digaitfvc  activity  raises  stomach  voltages. 
The  vohage  changes  appear  to  vary  in  relation 
le  noriMl,  ulcerous  and  cancerous  condition. 

VT  amplifier  with  associated 
recording  instrumenb.* 

0.1-50.0** 

Smooth  muscle. 

Experimental  work  indicates  the  possibility 
of  developing  an  accurate  ulcer  and  cancer 
diagnostic  method. 

V  ntrvcs  are  anesthetixed  or  severed,  d-c  skin 
itiiiUncc  rises.  Areas  of  human  skin  have 
batn  mapped  ai«d  measurements  compared  to 
corrtlale  normalcy  between  individuals. 

Siring  gsKranometw. 

• 

Determination  of  damaged  nerves  in  frac¬ 
tures.  D*C  skin  resistance  measuremenb 
are  also  studied  in  connection  with  diabetes, 
circulatery  conditions,  Reytmud's  disease, 
etc. 

Skin  impedance  to  alternating  currenb  varies 
in  different  areas  under  changbtg  condHions. 
Coirtlalive  studies  indicate  relationship  of  shin 
impedance  to  blood  circulation. 

A*C  bridge  circuits. 

Self-recording  instruments  have  been  de¬ 
vised  to  indicate  effects  of  centrifugal  force 
in  aircraft  maneuvers  on  blood  circulation. 

Voltage  measurcmeirts  on  breasts  of  mice 
dienge  in  advance  of  cancerous  growths.  Pat* 
terns  appear  different  in  mice  that  are  in* 
kircnlly  susceptible  and  those  naturally  resist- 
oii  to  cancer.  Changes  and  growth  in  cell 
ilniclurc  are  accompanied  (possibly  con* 
boiled)  by  associated  changes  in  electro* 
dynamic  fields. 

VT  Microvohmeter. 

Few  microvolts. 

Injury  potentials  to  cell 
structures  or  organixing 
electro*dynamic  field  me* 
chanism. 

Diagnosis  of  cancer  susceptibility!  advance 
warning  of  wild  cell  growths.  Investigation 
may  assist  in  development  of  therapeutic 
methods. 

Orulation  in  animals  and  humans  is  ac* 
companled  by  a  voltage  change. 

VT  amplifier  with  associated 
recording  instruments.* 

5.0-25.0 

Metabolic  changes,  Rup¬ 
ture  of  tissues,  etc 

Determination  of  ovulation  time  in  humans 
is  of  interest  for  many  reasons,  h  has 
been  used  to  determine  proper  moment  lor 
artificial  insemination  of  previously  infertile 
women. 

Reptile  eggs,  even  previous  to  fertiliiatlon, 
diow  variations  in  voltages  for  different  surface 
uses. 

VT  Miaovohmeter. 

Few  miaovolts. 

Electro-dynamic  fields  as¬ 
sociated  in  structural  rela¬ 
tionships  with  intracellular 
organisation. 

Successful  predicitions  based  on  these 
measurements  have  been  made  as  to  the 
axis  along  which  nervous  centers  would  de¬ 
velop.  Investigations  may  lead  to  a  better 
understanding  of  the  forces  governing  the 
oeation  of  living  organisms 

Norma  1  and  abnormal  physiology  of  the  brain 
:  keccompanied  by  typical  brain  wave  patterns. 

i-  - 

Electroertcephalograph  (EEG 
Recordings).* 

0  01  -1.0** 

Continuous  functioning  of 
b^in  cells  generates  elec¬ 
trical  wave  forms. 

Diagnosis  of  epilepsy.  Diagnosis  and  lo¬ 
cation  of  brain  tumors,  blood  clots,  etc. 
Studies  of  behavior  conditiors. 

Tbe$e  devicM  are  used  in  connection  with  a  wide  ••  50.0  millivolts  is  the  theoretical  maximum  for  action  potentials,  and  the  lower  order 

nnetjr  of  writing  recorders  of  magnetic,  thermal  and  of  magnitude  in  practice  results  from  shunting  circuits.  With  amplifiers  of  special 

cryiUl  type*,  as  well  as  oscilloscopes  and  oscilloscope  design,  spikes  (transients)  in  action  potentials  of  nerve  fibres  have  been  observed  well 

notion  I'icture  cameras.  above  the  100-millivolt  range. 
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Fabiicating  vV  ood 

R-F  heating  is  extensively  used  in  the  production  of  flat  laminated  stock.  It  is  also  com¬ 
ing  into  favor  for  the  fabrication  of  curved  spars  and  other  parts  of  the  structural  type. 
This  article  discusses  experimental  manufacture  of  thin  coverings  such  as  those  that 

constitute  wing  and  fuselage  surfaces 
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y  " - ■'  P/ywooof- 

6/ue  fine'  ^  cavering 

Frame  member’'  (*i> 


FIG.  1 — Several  arrangements  of  elec¬ 
trodes  for  gluing  thin  plywood  to  a  frame 
member  by  utilising  so-called  "stray-field" 
heating.  In  (b)  and  (c)  the  greater  conduc¬ 
tivity  of  the  glue  line  caiues  a  concentra¬ 
tion  of  current 


IN  THE  FIRST  PART  of  a  previous 
articles  methods  of  adapting 
radio-frequency  heating  to  the  pro¬ 
duction  of  curved  laminated  wood 
aircraft  parts — ^particularly  parts 
of  the  structural  type  such  a  sthose 
used  in  the  aircraft  frame — were 
discussed  at  some  length. 

Radio-frequency  heating  may 
also  be  used  eventually  in  the  pro¬ 
duction  of  thin  plywood  coverings 
such  as  those  which  make  up  the 
wing  and  fuselage  surfaces  of  wood 
aircraft.  This  use  of  r-f  heating  is 
still  in  the  development  stage.  A 
considerable  amount  of  experimen¬ 
tal  work,  however,  has  been  carried 
out  and  the  results  lead  to  the  con¬ 
clusion  that  while  r-f  heating  may 
not  be  immediately  applicable  to  the 
manufacture  of  these  relatively  thin 


FIG.  2 — Experimental  plywood  door  for  a 
two-engined  bomber-trainer.  Made  from 
five  plies  of  1/1 6-in.  veneer,  this  door  is 
7  typicol  of  "semi-molded"  sections 


FIG.  3 — Rear  view  of  the  door  shown  in 
Fig.  2.  The  frame  is  cut  from  a  piece  of 
IVs-in.  thick-plywood 'formed  to  the  proper 
curvature ''at  the  time  of  gluing 


sections,  it  does  have  definite  prom¬ 
ise  for  the  future. 

As  in  the  case  of  the  structural- 
type  parts  previously  discussed,  it 
is  obvious  that  the  greatest  ad¬ 
vantages  will  result  only  when  r-f 
heating  is  applied  to  quantity  pro¬ 
duction.  Whether  wood  aircraft 
production  will  ever  reach  the  quan¬ 
tities  necessary  to  justify  the  use 
of  r-f  heating  on  a  large  scale  is  a 
question.  However,  it  is  almost  cer¬ 
tain  that  plywood  parts  of  a  similar 
nature  will  find  many  uses  after  the 
war  and  that  some  of  these  uses  will 
require  such  parts  in  large  quan¬ 
tities.  The  start  which  has  been 
made  toward  developing  r-f  heating 
techniques  for  this  type  of  appli¬ 
cation  is,  therefore,  of  interest  be¬ 
yond  the  present  concern  with  wood 
aircraft. 

Making  Parts  From  Flat  Sheets 

There  are  three  more  or  less  dis¬ 
tinct  types  of  construction  used  in 
making  fuselage  or  wing  sections 
for  wood  airplJnes.  In  the  first  of 
these  a  strong  wood  frame  is  the 
essential  element.  Over  this  frame 
thin  sheets  of  flat  plywood  are  bent 
and  tacked  or  glued  in  place.  This  | 
type  of  construction  is  similar  to 
that  of  the  so-called  ‘‘wood-and- 
fabric”  small  planes  made  in  pre¬ 
war  days  except,  of  course,  that  the 
covering  is  thin  plywood  instead  of 
fabric.  For  lack  of  a  better  name  it 
will  be  referred  to  as  the  “frame- 
and-covering”  type  of  construction. 

There  are  two  possible  uses  of  r-f 
heating  in  this  t3T)e  of  construction. 
Both  are  somewhat  outside  the  in¬ 
tended  scope  of  this  article  and 
both  have  been  at  least  partly  de¬ 
scribed  before.  For  the  sake  of  com- 
*•  pleteness,  however,  they  deserve  to 
'  be  mentioned. 
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The  first  of  these  applications  is 
in  the  production  of  the  large,  fiat 
sheets  which  are  used  as  covering 
material.  Since  these  sheets  are 
very  thin — ^from  1/20  in.  to  i  in., 
according  to  use —  they  can  be  made 
quickly  and  satisfactorily  in  hot¬ 
plate  presses.  At  the  present  time, 
so  far  as  is  known,  all  so-called  “air¬ 
craft-quality”  plywood  is  made  by 
this  method.  There  is,  however,  at 
least  one  large  plywood  manufac¬ 
turing  plant  in  operation  today  in 
which  r-f  heating  is  being  used  for 
the  mass  production  of  large,  thin 
sheets  of  ordinary  Douglas-fir  ply¬ 
wood.*  If  this  operation — in  which 
the  cost  of  the  final  product  is  much 
lower  than  that  of  “aircraft-qual¬ 
ity”  plywood — is  economically  jus¬ 
tified,  then  it  seems  at  least  possible 
that  eventually  all  plywood  will  be 
made  this  way. 

The  second  possible  application 
of  r-f  heating  to  the  frame-and- 
covering  type  of  construction  is  in 
"tacking”  or  gluing  the  covering 
sheets  to  the  frame.  At  the  present 
time  this  is  mostly  done  by  cold¬ 
gluing,  the  sheets  being  held  in 
place  during  setting  by  “nailing 
strips,”  which  are  narrow  wood 
strips  tacked  along  the  edges  of  the 
sheet. 

Conceivably  the  experimental  r-f 
spot-gluer,  which  has  been  previ¬ 
ously  described*,  could  be  used  for 
this  purpose.  By  “tacking”  the 
:  sheets  down  to  the  frame  with  this 
spot-gluer  the  necessity  of  placing 
and  removing  “nailing  strips” 
would  be  overcome  and  the  holes  in 
the  skin  caused  by  the  nails  would 
be  eliminated.  No  great  time  sav¬ 
ing  would  be  occasioned,  of  course, 
since  only  the  “spots”  would  be  im¬ 
mediately  glued  and  the  rest  of  the 
?lue  would  still  be  “cold-set,”  which 
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FIG.  4 — Anongement  of  iomu  and  clamps  used  to  moke  the 
thick  piece  from  which  the  frame  of  the  bomber  door  shown 
in  Figs.  2  and  3  is  cut.  The  steel  faces  of  these  forms  were 
used  as  electrodes  in  adapting  this  operation  for  the  use  oi 
r-f  heating 


means  a  matter  of  hours.  This  use 
of  the  spot-gluer  has  not  been  given 
a  complete  trial  and  there  remains 
a  question  as  to  whether  spot-gluing 
will  result  in  sufficient  pressure 
(during  the  subsequent  cold-setting 
period)  to  obtain  full  strength  of 
the  bond  between  sheet  and  frame. 

A  more  promising  method,  so 
far  limited  to  small  pieces,  is  the 
use  of  so-called  “stray  field”  heat¬ 
ing.  This  consists  of  placing  two 
thin  strips  of  copper  along  the  joint 
,to  be  glued,  in  one  of  the  ways 
shown  in  Fig.  1.  These  strips  are 
connected  to  the  output  terminals 
of  an  r-f  generator.  While  the  glue- 
joint  does  not  lie  directly  between 
the  electrodes,  it  is  usually  suffi¬ 
ciently  in  the  field  so  that  the  neces¬ 
sary  heating  results.  In  some  cases 
the  higher  conductivity  of  the  glue 
line  provides  a  current  concentra¬ 
tion  which  is  of  considerable  ad¬ 
vantage.  A  production  operation  of 
this  type  was  recentiy  described  by 
John  Dreyer  of  Duramold  Corpo¬ 
ration  in  a  paper  before  the  Radio 
Club  of  America*.  Similar  applica¬ 
tions  have  been  described  by  Bil- 
huber  and  Godfrey*.  It  is.  desirable 


to  note,  however,  that  in  many  in¬ 
stances  gluing  operations  of  this 
kind  can  be  satisfactorily  accom¬ 
plished  by  the  use  of  simple  resis¬ 
tance-heater  strips. 

Making  Snmi-Melded  Parts 

Following  the  frame-and-cover- 
ing  type  of  construction,  in  the  nat¬ 
ural  order  of  development,  comes  a 
second  type  of  wood  aircraft  con¬ 
struction — usually  called  “semi- 
monocoque” — in  which  a  somewhat 
lighter  frame  is  used  and  the  ply¬ 
wood  surfaces  themselves  are  so 
designed  as  to  give  additional 
strength  to  the  structure.  This  is 
accomplished  by  shaping  or  mold¬ 
ing  the  plywood  coverings  to  final 
form  at  the  time  the  separate 
veneers  are  glued  together.  When 
these  shaped  surfaces  are  placed 
over  the  frame  and  securely  glued  to 
it  at  all  points,  they  tend  to  hold  the 
whole  assembly  together  rather  than 
to  be  held  by  it,  as  when  flat  sheets 
are  used  as  coverings. 

In  the  semi-monocoque  type  of 
construction  the  wing  and  fuselage 
surfaces  are  usually  divided  into  a 
number  of  components  which  are 
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FIG.  5 — Four  atepi  in  making  complete  bomber  door  by  rd  heating  method: 
(o)  gluing  23  plies  oi  l/16*in.  eeneer  to  make  irome  piece;  (b)  gluing  two  pack¬ 
ages  of  11  plies  each  to  make  intermediate  cauls:  (c)  using  intermediate  cauls 
to  glue  5  plies  for  "sldn"  of  door;  (d)  gluing  frame  to  "skin" 


formed  separately.  The  wing,  for  ously  described';  that  is,  they  are 
instance,  may  consist  of  a  leading-  made  of  wood  and  provided  with 
edge  section,  two  slightly  curved  tV-in.  steel  facing  plates  on  the 
wing  surfaces  and  a  wing  tip  sec-  inside  surfaces.  By  using  these  steel 
tion.  The  fuselage  will  ordinarily  plates  as  electrodes  it  is  relatively 
be  made  up  of  half  a  dozen  or  more  easy  to  apply  r-f  heating  to  this 
separate  pieces.  Some  of  these  indi-  gluing  operation.  Not  only  is  the 
vidual  sections  will  be  of  simple 
curvature  or  of  very  slight  double 
curvature.  These  can  be  made  from 
flat  veneer,  providing  the  individual 
veneers  are  quite  thin.  Such  parts 
are  usually  referred  to  as  “semi- 
moldsd”  (to  distinguish  them  from 
the  “full-molded”  parts  which,  as 
described  later,  are  made  up  from 
narrow  strips  of  veneer) . 

In  Fig.  2  and  Fig.  3  are  shown 
the  front  and  back  of  an  experi¬ 
mental  door  for  a  two-engined 
bomber-trainer.  This  door  consists 
of  a  heavy  frame  which  is  about  li 
in.  square  and  is  formed  to  the  out¬ 
line  of  the  door,  together  with  a 
preformed  plywood  “skin”  made 
from  five  sheets  of  A-in.  veneer. 

The  frame  is  routed  out  of  a  piece 
of  formed  plywood  li  in.  thick.  The 
arrangement  of  forms  and  clamps 
shown  in  Fig.  4  is  that  which  was 
previously  used  in  making  this  thick 
piece  by  cold-gluing  methods.  These 
forms  are  similar  to  those  previ- 


FIG.  6 — Thick  plywood  piece  from  which 
door  and  window  frame  ore  routed.  Glued 
ai  shown  in  Fig.  5a 


thick  “plywood”  piece  from  which 
the  frame  is  cut  made  with  r-f  in 

minutes,  as  compared  to  8  hours 
by  the  cold-gluing  method,  but  also 
the  “skin”  for  the  door  is  made 
with  r-f  and,  finally,  the  skin  is  at¬ 
tached  to  the  door  by  means  of  r-f 
heating. 

The  method  followed  in  making 
the  completed  door  by  the  r-f  heat¬ 
ing  method  is  illustrated  in  the  sev¬ 
eral  sketches  of  Fig.  5. 

In  the  first  step  23  plies,  each 
in.  thick,  are  glued  together  (and 
simultaneously  formed  to  the  re¬ 
quired  shape)  as  shown  in  Fig.  5a. 
(The  thick  plywood  piece  shown  in 
Fig.  6  is  ^he  result.)  From  this 
piece  the  frame  of  the  door  and  the 
inner  circle  (which  forms  a  frame 
for  a  window)  are  cut  by  routing. 

The  second  step  in  the  process  is 
to  make  up  two  intermediate  forms 
or  “cauls”  which  will  act  as  space 
fillers  and  thus  allow  the  same 
main  forms  to  be  used  in  forming 
the  “skin”  for  the  door.  To  do  this 
two  packages  of  11  plies  each  are 
glued  up  as  shown  in  Fig.  5b. 
( The  result  of  this  operation  is  the 
two  formed  caul  boards  shown  in 
Fig.  7.)  The  two  caul  boards  so 
produced  are  used  to  fill  in  the  space 
and  thus  make  the  forms  fit  cor¬ 
rectly. 

The  skin  itself  is  glued  up  from 
five  plies  as  shown  in  Fig.  6c.  The 
operation  of  gluing  up  the  skin  is 
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FIG.  7 — Intsrmediate  cauli  used  to  qltonfl 
■kin.  They  ar*  made  by  meant  oi  t-i 
heating  at  thown  in  Fig.  5b 
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fig.  9 — Top  and  tido  tIowi  oi  mondrol  during  procou  oi 
"wTopping"  Tonoort  usod  in  fonning  the  "blistor"  place 
referred  to  in  the  text 


FIG.  10 — Arrangement  for  curing  the  '’blister"  piece  by  means 
oi  r-f  heating.  Pressure  is  applied  by  inflating  the  rubber  bag 
to  approximately  50  Ib 


?iG.  8 — Frame  glued  to  sldn  and  ready  for 
trimming  and  sanding 
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minutes  (during  which  time  the 
temperature  of  the  wood  rose  to 
about  230  deg  F)  and  then  to  leave 
the  material  clamped  up  for  an¬ 
other  2i  minutes  with  power  re¬ 
moved.  Thus  5  minutes  sufficed 
to  accomplish  the  same  result  as  8 
hours  of  setting  at  room  tempera¬ 
ture.  Not  counting  time  out  for 
routing  the  frame  from  the  thick 
piece,  a  completed  door  could  be 
kimed  out  every  15  minutes. 

The  power  used  in  these  gluing 
operations  was  approximately  8  kw 
at  the  generator  output  terminals. 
In  order  to  accomplish  the  above- 
mentioned  heating  times  it  was 
necessary  to  readjust  the  setting  of 
the  parallel  inductance  as  the  load 
changed  during  the  heating  period. 
As  the  reactance  may  change  as 
much  as  two-to-one  during  the  cy¬ 
cle,  and  as  the  circuit  is  quite 
sharply  tuned,  the  current  through 
the  load  would  drop  off  markedly 
if  this  were  not  done,  and  a  much 
longer  heating  time  would  be  re¬ 
quired.  This  is  one  drawback  of 
the  simple  and  otherwise  desirable 
r-f  feed  arrangement  used  here. 
There  are  several  possible  ways  to 
overcome  it.  One  is  to  use  an  ar¬ 
rangement  in  which  the  load  is  sim¬ 
ply  connected  across  the  tank  cir¬ 
cuit,  or  a  part  of  it,  so  that  the  fre¬ 
quency  of  the  generator,  assuming 
it  is  a  self-excited  oscillator, 
changes  with  the  load  and  thereby 
keeps  itself  in  tune.  Unfortunately, 
this  arrangement  requires  the  use 
of  low  frequencies  for  other  than 
the  smallest  loads,  and  low  fre¬ 
quencies  invite  trouble  with  flash- 
over.  Moreover,  the  use  of  oscil¬ 
lators  which  drift  through  a  wide 
range  of  frequencies  during  the 
cycle  is  questionable  engineering. 
If  the  practice  becomes  widespread 
it  will  be  certain  to  result  eventu¬ 
ally  in  a  difficult  interference  situ¬ 
ation. 

Another  possible  solution  has 
been  suggested  by  Hoyler  and 
Bierwirth*.  This  consists  in  plac¬ 
ing  in  the  line  a  matching  section 
which  is  so  designed  as  to  mini¬ 
mize  the  effects  of  load  changes. 

Making  Fnll-Molded  Parts 

Wood,  unfortunately,  cannot  be 
stretched  or  drawn.  Therefore, 
where  the  forming  of  parts  for 
wood  aircraft  requires  pieces  hav¬ 
ing  a  compound  curvature,  it  is 


FIG.  11 — ^Mntalllsnd  mandrnl  for  "blister" 
pisco.  mountod  in  box  used  for  r-f  heating. 
MetcdUsed  layer  forms  bottom  electrode 


FIG.  14 — Rubber  bag  placed  oxer  top  oi 
lead  sheet.  After  the  box  is  closed  ths  bag 
is  inflated  to  proride  the  required 


FIG.  13 — Upper  electrode,  consisting  oi 
iormed  lead  sheet  placed  oxer  the  "skin" 
which  is  to  be  heated 
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necessary  to  resort  to  a  third  and 
rather  complicated  method  of  con¬ 
struction.  This  involves  molding  of 
these  parts  by  what  is  commonly 
called  the  “rubber  bag  process.” 
This  process  has  been  described  in 
some  detail  by  the  author  in  a 
previous  article  in  ELECTRONICS’ 
and  at  length  in  various  other 
journals.’’  *•  *  Essentially  it  consists 
of  the  following  steps. 

First,  a  mandrel  is  made,  usually 
of  wood  or  plastic.  This  is  a  male 
form  carefully  shaped  to  the  pre¬ 
cise  contours  of  the  fuselage  or 
wing  surfaces  to  be  made. 

Second,  narrow  strips  of  thin 
veneer  to  which  a  resin  glue  has 
been  applied  are  fitted  or  “wrapped” 
on  this  mandrel  as  shown  in  Fig.  9. 
Each  strip  is  tailored  by  trimming 
or  slotting  so  that  it  fits  the  form 
snugly  and  its  edge  is  tight  against 
the  edge  of  the  preceding  strip.  At 
the  present  time  these  strips  are 
usually  secured  to  the  mandrel  with 
staples.  From  three  to  as  many  as 
nine  layers  of  veneer  may  make  up 
the  “skin”  which  is  “wrapped”  on 
the  mandrel  in  this  way. 

The  third  step  in  the  process  is  to 
place  the  mandrel  and  wrapping  in 


ing  rubber  bag — is  placed  in  a  large 
pressure  chamber  called  an  “auto¬ 
clave.”  Steam,  hot  water  or  hot 
air  under  pressure  is  then  intro¬ 
duced  into  the  autoclave.  The  r^ 
suiting  combination  of  pressure 
and  heat  serves  to  set  the  glue  and 
thereby  weld  the  strips  of  veneer 
into  a  single  strong  piece  of  the  de¬ 
sired  shape. 

While  this  process  of  making 
“molded”  wood  parts  is,  with  a 
number  of  variations,  in  Wide  use 
today,  it  has  many  acknowledged 
drawbacks.  One  of  these  is  the  use 
of  staples  which  leave  small  holes  in 
the  “skin,”  often  puncture  the  bag 
and,  to  some  degree,  limit  the  slight 
shifting  of  the  veneers  under  pres¬ 
sure  which 
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desirable  in  obtain¬ 
ing  a  fully’ stressed  piece.  The  r-f 
spot-gluer  mentioned  above  can  be 
used  in  place  of  the  staples,  as  has 
been  previously  described  in  Elec¬ 
tronics’. 

An  even  greater  disadvantage  in 
the  bag  method  is  the  necessity  of 
using  an  autoclave.  Not  only  is 
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the  autoclave  method  slow,  but  also 
it  is  inefficient  and  somewhat  dan¬ 
gerous.  Hence,  even  though  the  use 
of  r-f  heating  for  thin  pieces,  such 
as  these  aircraft  “skins”  represent, 
is  at  first  glance  not  too  promising 
—on  the  theory  that  external  heat 
can  penetrate  thin  sections  quickly 
and  hence  “heating  the  inside”  is 
of  no  advantage — it  turns  out  on 
further  study  that  it  may  yet  be 
found  of  advantage  in  this  particu¬ 
lar  case.  A  few  experimental  tests 
of  the  use  of  r-f  in  making  full- 
molded  parts  have  been  made.  One 
method  which  yielded  fairly  good 
results  will  be  described. 

The  piece  chosen  for  this  test  was 
a  smaU  streamlined  “blister”  used 
on  a  well-known  bomber-trainer. 
While  this  piece  is  of  small  size,  it 
has  a  sharp  double  curvature  and  is 
otherwise  typical  of  the  sections 
ordinarily  “molded”  by  the  bag 
method.  Since  r-f  heating  applica¬ 
tions  which  look  good  under  ideal¬ 


ized  conditions  in  the  laboratory 
often  come  to  grief  when  moved  to 
the  factory,  an  attempt  was  made 
to  reproduce  factory  operating  con¬ 
ditions.  A  regular  mandrel  was 
used  and  the  layers  of  veneer  were 
fitted  or  “wrapped”  on  this  man¬ 
drel  by  one  of  the  regular  girl  op¬ 
erators. 

Three  layers  of  1/48-in.  veneer 
were  “wrapped”  on  the  mandrel  us- 
1  in?  the  r-f  spot-gluer  previously 
mentioned.  Figure  9  shows  the  po¬ 
sition  of  the  spot-glued  points  on 
the  several  layers  of  veneer. 


In  Fig.  10  is  shown  the  r-f  heat¬ 
ing  box  used  to  “cure”  the  skin 
wrapped  as  above.  This  is  a  heavy 
wood  box  in  which  the  mandrel  is 
placed  as  shown.  A  rubber  bag  is 
arranged  so  that  after  the  lid  of  the 
box  has  been  clamped  shut  the  bag 
can  be  inflated,  thereby  providing 
the  pressure  required  to  press  the 
veneers  tightly  against  the  mandrel 
and  assure  that  they  will  be  ade¬ 
quately  bonded. 

The  necessity  of  having  “flex¬ 
ible”  or  “fluid”  pressure  in  this 
kind  of  gluing  has  been  previously 
pointed  out.  The  rubber  bag  ar¬ 
rangement  shown  in  Fig.  10  will 
provide  this  if  a  sufficiently  flexible 
top  electrode  is  used.  A  number  of 
different  electrodes,  both  top  and 
bottom,  were  tried.  The  first  re¬ 
quirement  of  these  electrodes  is 
that  they  be  quite  smooth  and  en¬ 
tirely  free  from  irregularities,  par¬ 
ticularly  small  protuberances. 
Since  the  spacing  between  elec¬ 


trodes  is  only  A  in.,  the  slightest 
roughness  will  result  in  flashover. 

Attempts  to  form  copper  screen 
or  copper  sheet  over  the  mandrel 
as  a  bottom  electrode  came  to  grief. 
The  final  and  quite  satisfactory  so¬ 
lution  was  to  “metallize”  the  man¬ 
drel  by  spraying  a  layer  of  alum¬ 
inum  on  it  with  a  spray  gun.  A 
thick  layer — nearly  i  in.  deep — 
was  put  on  carefully,  after  which  it 
was  sanded  to  a  mirror-like  finish. 
This  worked  admirably  and  is,  no 
doubt,  the  best  answer  for  the  bot¬ 
tom  electrode.  The  top  electrode  is 


a  tougher  problem,  since  it  must  be 
free  to  flex.  The  best  of  those  tried 
in  these  tests  was  a  sheet  of  A -in. 
lead  which  was  preformed  to  the 
shape  of  the  mandrel  by  drawing. 
Because  of  the  preforming  there 
was  no  tendency  for  this  sheet  to 
crease  or  crack  when  pressure  was 
applied.  At  the  same  time,  it  was 
soft  enough  to  transmit  the  pres¬ 
sure  almost  equally  and  to  preserve 
to  some  degree  the  “fluid”  pressure 
provided  by  the  inflated  bag.  There 
was  some  question  whether  there 
was  quite  enough  flex  in  the  sharp¬ 
est  part  of  the  curvature  and  it  is 
felt  that  thinner  lead  sheet — ^prob¬ 
ably  A-in.  thick — would  be  better. 

Figures  11,  12,  13  and  14  show, 
respectively,  the  mandrel  in  the 
box,  the  wrapped  skin  in  position 
on  the  mandrel,  the  upper  electrode 
in  place  and  the  rubber  bag  ar¬ 
ranged  ready  for  closing  the  box. 
After  the  box  is  closed  and  clamped 
tightly,  the  bag  is  inflated,  r-f 
power  applied  to  the  electrodes 
through  connections  brought  out 
the  sides  of  the  box,  and  the  assem¬ 
bly  left  to  “cook”  for  about  3  min¬ 
utes.  The  “blister”,  removed  from 
the  box  after  this  “cooking”  cycle, 
is  shown  in  Fig.  15. 

With  the  arrangement  shown 
here  pressures  of  45  to  50  lb  were 
used.  This  is  probably  near  the 
minimum.  Larger  pieces  of  heav¬ 
ier  veneer  would  undoubtedly  re¬ 
quire  more.  To  obtain  such  pres¬ 
sures  on  fairly  large  pieces  will  re¬ 
quire  retaining  structures  of  great 
strength  comparable,  in  fact,  to  the 
autoclaves  now  used.  However,  all 
the  difficulties  attendant  on  the  use 
of  steam  or  hot  water,  including 
particularly  the  deterioration  of  the 
rubber  bags,  will  be  eliminated. 
Time  cycles  can  be  greatly  reduced. 

The  small  “blister”  mentioned 
above  required  3  minutes  for  set¬ 
ting,  as  against  something  like  30 
minutes  in  an  autoclave.  Bigger 
pieces  can  be  done  in  the  same 
short  time  if  the  necessary  power 
can  be  justified.  At  the  present 
time  the  repair  of  mandrels  spoiled 
by  water  soakage  is  a  big  item  of 
expense.  Bags  are  also  an  expen¬ 
sive  item,  the  average  life  at  pres¬ 
ent  being  not  more  than  one  hun¬ 
dred  cycles.  Both  these  expenses 
would  be  greatly  reduced;  in  fact, 
bags  and  mandrels  should  last  in- 
(Continued  on  page  391) 


FIG.  15 — Molded  "blister"  piece  made  as  described  in  the  text  and  "cured"  by 
use  of  r-f  heating  in  3  minutes  os  compared  to  30  minutes  by  "outoclare** 

method 
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Electronic  Timer  for 
MICROSECOND  INTERVALS 


A  capacitor  is  charged  for  the  exact  duration  of  the  interval,  and  the  capacitor  voltage 
then  measured  with  a  vtvm  calibrated  to  read  from  0  to  140  microseconds  with  an  accu¬ 
racy  better  than  ±2  microseconds.  Uses  include  measuring  propagation  velocities,  re¬ 
action  rates,  time  lags  of  relays,  and  projectile  velocities.  Calibrating  methods  are  given 


The  block  diagram  in  Fig.  1  illus- 
trates  the  operating  principles.  The 
two  electrical  impulses  represent¬ 
ing  the  beginning  and  the  end  of 
the  time  interval  to  be  measured 
are  each  fed  to  a  control  tube.  When 
control  tube  FT,  receives  the  on 
pulse,  it  causes  tube  FT,  to  pass 
current  and  begin  charging  capac¬ 
itor  C.  When  control  tube  VT, 
receives  the  off  pulse,  it  causes  VT, 
to  block.  Thus,  capacitor  C  is 
charged  to  a  value  depending  on 
the  time  interval  over  which  cur¬ 
rent  passes  into  it.  A  vacuum-tube 
voltmeter  reads  this  voltage,  and 
can  be  calibrated  directly  in  units 
of  time. 

Datign  PrebUmt 

There  are  three  basic  design 
problems  which  accompany  the  use 
of  the  charging  capacitor  method: 

1.  Leakage  of  charge  from  or 
onto  the  capacitor  before,  after,  or 
during  operation  of  the  current¬ 
controlling  tube  must  be  elimi¬ 
nated.  This  imposes  requirements 
on  the  leakage  resistance  of  the 
charging  capacitor  and  the  general 
insulation  used  in  construction,  on 
the  output  impedance  of  the  cur¬ 
rent-controlling  tube,  and  on  the 
input  impedance  of  the  vacuum- 
tube  voltmeter  tube. 

2.  In  attempting  to  design  a  suit¬ 
able  switching  circuit,  it  is  found 
that  most  circuit  arrangements 
which  suggest  themselves  have  the 
undesirable  feature  that  various 
cathodes  have  different  potentials 
with  respect  to  ground,  as  in  direct- 
coupled  d-c  amplifiers. 

3.  When  extending  the  range  of 
measurements  down  to  time  inter¬ 
vals  as  small  as  is  the  case  here, 
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WHENEVER  a  velocity  is  to  be 
measured,  as  in  acoustic  or 
ballistic  studies — whenever  a  me¬ 
chanical,  electrical,  or  chemical  re¬ 
action  time  is  to  be  determined,  as 
in  studying  explosives  or  measur¬ 
ing  the  time-lags  to  be  found  in 
a  multitude  of  electronic  circuits — 
an  instrument  which  measures  the 
length  of  the  time  interval  between 
two  events  may  be  the  ideal  meas¬ 
uring  device. 

Like  many  other  devices  for  the 
measurement  of  some  specific  phy¬ 
sical  quantity,  such  instruments 
have  been  in  existence  in  the  lab¬ 
oratory  for  some  time  past.  How¬ 
ever,  it  often  takes  an  additional 
step  of  consideration  and  design  to 
make  a  rugged  engineering  instru¬ 
ment,  constructable  of  commer¬ 
cially  available  parts,  out  of  such  a 
laboratory  set-up. 

Just  such  a  step  was  required 
in  the  case  of  the  time-interval 
meter  to  be  described.  It  is  de¬ 
signed  to  measure  time  intervals 
in  the  region  of  0  to  140  micro¬ 
seconds,  with  an  accuracy  of  rt2 
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microseconds  or  better.  It  can  be 
built  with  a  longer  time-scale  read¬ 
ing  up  to  several  milliseconds,  if 
desired,  and  with  some  precautions 
even  shorter  times  can  be  measured. 

Operating  Prineiplas 

Circuits  for  the  measurement  of 
time  intervals  have  always  been 
based  on  the  effect  of  a  certain 
amount  of  electrical  charge  Q 
transported  over  the  length  of  the 
time  interval.  Either  this  charge 
Q  is  used  to  produce  a  proportional 
deflection  on  a  ballistic  galvanom¬ 
eter,  or  charge  a  capacitance  C  to 
a  potential  V  =  Q/C,  which  then  is 
measured.  Such  instruments  have 
been  described****  for  full-scale 
ranges  of  a  fraction  of  a  second 
down  to  10  milliseconds.  In  the 
present  case,  the  capacitor  charg¬ 
ing  method  has  been  adopted,  which 
eliminates  the  use  of  a  sensitive 
galvanomet*er. 
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HG.  1 — ^Bloek  diagram  of  fiming  circuit 
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FIG.  2 — Complete  circuit  diaqram  oi  high-speed  electronic  timer 


care  must  be  taken  that  the  switch¬ 
ing  mechanism  does  not  introduce 
time  lags.  This  eliminates  all  cir¬ 
cuit  designs  in  which  the  two  input 
circuits  have  time  constants  which 
are  large  compared  to  the  time 
intervals  to  be  measured. 

Circeit  Design 

Considering  all  these  points,  the 
circuit  design  shown  in  Fig.  2  was 
finally  selected.  The  control  tubes 
are  type  2051  gas  tetrodes.  There 
is  no  appreciable  delay  in  the  firing 
action  of  such  tubes,  as  the  ioniza¬ 
tion  time  is  less  than  one  micro¬ 
second. 

In  principle,  when  the  type  9001 
current-controlling  tube  (Vr«)  is 
at  rest  it  has  zero  control-grid 
voltage  and  negative  screen-grid 
voltage  (with  respect  to  cathode), 
resulting  in  zero  plate  current.  The 
on  pulse  is  responsible  for  immedi¬ 
ate  application  of  a  positive  voltage 
pulse  to  the  screen  grid  of  this 
tube,  causing  it  to  pass  plate  cur¬ 
rent.  This  positive  pulse  is  made 
to  last  for  a  time  longer  than  the 
time  interval  to  be  measured. 

The  off  pulse,  arriving  while  the 


screen  grid  of  Vr«  is  still  positive, 
causes  immediate  application  of  a 
negative  pulse  to  the  control  grid  of 
this  tube,  thus  cutting  off  its  plate 
current.  The  negative  voltage 
pulse  on  the  control  grid  will  last 
a  longer  time  than  the  positive 
screen-grid  voltage  swing,  so  that 
the  control  grid  of  VT,  does  not 
return  to  zero  bias  until  the  screen 
grid  has  first  returned  to  its  at- 
rest  negative  potential.  Plate  cur¬ 
rent  therefore  stays  at  zero  after 
an  off  pulse. 

The  entire  action,  including  the 
resulting  plate-current  pulse,  is 
shown  in  Fig.  3,  which  constitutes 
oscillograms  of  the  various  poten¬ 
tial  and  plate  current  variations. 

The  on  and  off  pulses  must  be 
of  positive  polarity  at  the  input 
with  respect  to  ground.  They  may 
be  capacitively  coupled  to  the  input, 
or  direct  coupled  if  more  conveni¬ 
ent  and  not  disturbing  to  the  d-c 
grid  voltages  on  the  input  tube.  Gas 
tetrodes  are  preferable  to  gas  tri- 
odes,  in  order  to  have  a  minimum 
of  capacitive  coupling  from  grid 
to  plate  and  to  avoid  errors  due  to 
surges  or  pulses  following  the  phe¬ 


nomenon  to  be  measured.  An  in¬ 
put  pulse  fires  its  gas  tube,  which 
transmits  a  negative  voltage  pulse 
through  capacitive  coupling  to  the 
following  tube.  The  gas  tubes  re¬ 
main  conducting  once  they  have 
been  fired,  until  their  plate  voltage 
is  removed  momentarily  by  operat¬ 
ing  a  push-button  switch.  Neon 
bulbs  Ni  and  Nt  glow  to  indicate 
that  the  associated  gas  tubes  have 
been  fired. 

The  polarity  of  the  negative 
pulse  from  VTi  (produced  by  the 
on  pulse)  is  reversed  by  FT*,  thus 
producing  a  positive  pulse  that  is 
applied  to  the  screen  grid  of  FT*. 
The  duration  of  this  positive  pulse 
depends  on  the  time  constant  of 
R,Ci  or  R3C3  whichever  is  smaller. 
Here  RiC,  governs,  and  the  pulse 
stays  positive  for  a  duration  of 
approximately  0.005  sec.  If  no 
other  pulse  arrived,  FT*  w’ould  stay 
conducting  for  this  interval.  How¬ 
ever,  the  negative  pulse  produced 
by  FT,  upon  arrival  of  the  off  pulse 
is  applied  to  the  grid  of  FT*  and 
immediately  cuts  off  its  plate  cur¬ 
rent.  This  pulse  on  the  grid  will 
decay  with  a  time  constant  deter- 
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FIG.  5 — Calibration  curve  for  the  electronic  timing  circuit 


FIG.  6  (at  right) — Circuit  giving  a  capacitor  charging  current 
that  ia  independent  of  the  plate  voltage  of  the  charging  tube. 
The  three  testa  outlined  on  this  diagram  constitute  a  simple 
msthod  of  measuring  the  capacitor  charging  current  and 


thereby  calibrating  the  instrument.  Tests  1  and  2  determine 
two  voltage  values,  Vj  and  Vi.  whose  difference  constitutes 
the  actual  voltage  on  the  screen  grid  during  operation.  In 
test  3  this  difference  voltage  is  applied  artificially  and  the 
resultant  charging  current  is  measured.  From  this  value  the 
corresponding  time  value  con  be  computed 


ranged  as  in  Fig.  4,  so  that  no 
additional  dielectric  problem  is 
created. 

To  provide  greater  sensitivity, 
the  output  meter  circuit  is  balanced 
using  a  0.1-ma  instrument.  It  is 
most  convenient  to  use  a  dry  cell 
as  the  source  for  the  balancing 
potential,  since  the  drain  is  only 
a  fraction  of  a  milliampere.  Volt¬ 
age  drop  due  to  aging  over  as  long 
as  a  year  or  more  is  immaterial 
since  balancing  current  can  be  ad¬ 
justed  with  the  5000-ohm  rheostat. 

For  calibration  of  the  instru¬ 
ment,  a  source  for  the  production 
of  two  transients  (pulses)  "with 
variable  and  known  time  spacing 
is  required.  If  so  desired,  such  a 
calibrating  circuit  can  be  incorpo¬ 
rated  in  the  apparatus,  to  provide 
a  permanent  means  of  re-checking. 

If  a  source  of  transient  pairs  is 
available,  but  the  time  spacing 
unknown,  the  calibration  can  still 
be  made  with  the  aid  of  a  cathode- 
ray  oscilloscope  having  a  variable 
and  known  sweep  frequency.  The 
procedure  is  obvious  if  the  tran¬ 
sient  pairs  are  periodically  recur¬ 
rent.  If  they  are  nonperiodic, 
begin  with  a  low  sweep  frequency 
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and  increase  it.  During  this  proc¬ 
ess,  the  linear  spacing  of  the  pulses 
on  the  screen  becomes  greater, 
until  the  sweep  frequency  is 
reached  at  which  the  two  indi¬ 
vidual  pulses  occur  at  exactly  the 
same  place  on  the  screen  during 
two  successive  sweeps;  this  fre¬ 
quency  then  determines  their  time 
spacing. 

A  typical  calibration  curve  ob¬ 
tained  for  the  circuit  of  Fig.  2 
is  shown  in  Fig.  5. 

Alternative  Calibration  Procedore 

A  design  variation  which  shows 
great  promise  is  shown  in  Fig.  6. 
It  makes  full  use  of  the  pentode 
principle  of  independence  of  plate 
current  I,  and  plate  voltage  E, 
when  the  plate  voltage  is  well  above 
the  applied  screen  voltage.  If  this  , 
constant  plate  current  is  known 
for  the  screen-grid  voltage  cor¬ 
responding  to  the  maximum  ampli¬ 
tude  of  the  screen-grid  pulse  when 
the  circuit  is  operated  in  the  same 
way  as  above,  the  voltage  to  which 
capacitor  C  charges  for  any  time 
interval  of  measurement  can  be 
found  with  good  accuracy.  If  this 
is  known,  a  simple  calibration  of 


the  plate  current  meter  reading 
and  grid  voltage  (capacitor  volt¬ 
age)  on  the  vacuum-tube  voltmeter 
tube  fixes  the  calibration  of  the 
instrument.  Although  the  screen- 
grid  pulse  is  a  transient,  the  as¬ 
sumption  of  a  constant  screen  volt¬ 
age  is  justified,  since  the  tran¬ 
sient’s  recovery  (t  =  RiCi  =  10 
milliseconds)  is  very  large  com¬ 
pared  to  the  duration  of  the  meas¬ 
urement  (0  to  0.15  millisecond). 

In  Fig.  6  is  shown  the  procedure 
for  finding  the  effective  maximum 
amplitude  of  the  screen-grid  pulse 
V  from  two  tests,  and  subsequently 
finding  the  constant  plate  current 
Ip  when  voltage  V  is  actually  ap¬ 
plied  to  the  screen  grid  in  the 
form  of  a  battery  (test  3).  With 
this  current  found,  the  voltage  to 
which  the  capacitor  charges  as  a 
result  of  a  measured  pulse  inter¬ 
val  t  is  Ec  =  TptfC,  where  values 
are  in  volts,  amperes,  seconds  and 
farads  respectively.  By  calibrating 
the  output  meter  reading  in  terms 
of  a  variable  applied  and  known 
voltage  on  the  grid  of  the  vacuum- 
tube  voltmeter,  the  calibration  giv¬ 
ing  output  meter  reading  in  terms 
of  time  t  is  directly  obtained. 
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FIG.  3 — Capocitor  charging-current  and 
electrode  Toltage  curres  for  the  type  9001 
tube  used  in  the  electronic  timer 

mined  by  J?,Cs,  which  is  0.05  sec 
(ten  times  longer  than  for  the 
screen-grid  pulse).  In  this  way 
Vr*  cannot  conduct  current  at  any 
time  after  the  event  to  be  meas¬ 
ured  has  occurred. 

Leakage  Resistance  Problems 

Capacitor  C  in  Fig.  2  is  charged 
by  the  plate  current  of  VT^  during 
the  pulse  interval.  The  leakage 
problem  arises  here.  Conditions 
can  be  considered  practical  and 
stable  if,  over  a  period  of  f  =  5 
seconds,  there  is  no  more  than  2 
percent  change  of  voltage  across 
capacitor  C.  The  minimum  allow¬ 
able  leakage  shunt  resistance  R, 
in  ohms  is  determined  as  follows : 

Eidl 

According  to  this  formula,  a  l-/i/ 
capacitor  should  have  a  leakage  re¬ 
sistance  above  250  megohms ;  a 
0.1- fif  capacitor  should  be  above 
2500  megohms,  and  so  forth.  Such 
capacitors  are  now  obtainable.  For 
capacitances  larger  than  0.1-ju,/, 
Cornell-Dubilier  Dykanol  capacitors 
were  used  successfully,  and  below 
this  size  their  type  86  mica  units 
were  likewise  satisfactory.  The 
calculated  leakage  resistance  of 
course  combines  the  leakage  in  all 
other  parts  of  the  circuit. 


The  vacuum-tube  voltmeter  must 
have  an  input  impedance  that  is 
large  compared  to  R,  (larger  than 
2.5  X  10*  ohms  for  a  0.1-p.f  charg¬ 
ing  capacitor).  The  type  38  tube 
is  know’n  to  have  good  grid  imped¬ 
ance  characteristics  if  used  prop¬ 
erly.  Since  the  input  impedance 
is  determined  by  the  grid  current, 
the  tube  must  be  operated  at  a 
small  cathode  current.  This  cur¬ 
rent  is  about  0.4  ma  in  the  circuit 
shown,  and  is  obtained  with  a 
plate  voltage  of  about  20  volts 
and  a  grid  bias  of  about  —4  volts. 

To  avoid  surface  leakage  over 
the  bulb  of  the  tube  (FT,  in  Fig.  2) 
under  conditions  of  high  humidity, 
the  top  of  the  tube  can  be  dipped 
in  a  molten  nonhygroscopic  wax. 
Another  good  precaution  is  paint¬ 
ing  the  rest  of  the  glass  envelope 
with  colloidal  graphite  (Aquadag) ; 
when  connected  electrically  to  the 
“cold”  end  of  capacitor  C,  this 
serves  as  an  electrostatic  shield,  as 
a  guard  ring  for  leakage  and  as  a 
light  shield.  (Illumination  often  pro¬ 
duces  a  grid  current  due  to  photo¬ 
electric  liberation  of  electrons  on 
the  grid  electrode.) 

Leakage  from  the  plate  lead  of 
VTi  is  also  important.  This  was 
formerly  a  major  problem  from  the 
point  of  view  of  using  commer¬ 
cially  available  material,  since  ordi¬ 
nary  receiving  tubes  with  plate 


^'Light-proof  shie/af 


connections  through  the  glass  en¬ 
velope  were  not  available.  Some 
transmitting  and  power  tubes  have 
this  feature  but  do  not  cut  off 
sufficiently  to  eliminate  internal 
electron  current.  In  the  laboratory 
it  was  sufficient  to  use  a  tube  like 
the  1B4-P  after  removing  the 
Bakelite  base  and  filling  the  glass  » 
cavity  with  wax.  Now,  special  uhf  I 
tubes  having  electrodes  passing  di¬ 
rectly  through  glass  and  good  cut¬ 
off  characteristics,  such  as  the  type 
9001,  have  solved  this  leakage  prob¬ 
lem.  Polystyrene  sockets  for  these 
tubes  are  also  on  the  market.  The 
sketch  in  Fig.  4  summarizes  con¬ 
struction  details  of  that  part  of 
the  circuit. 

Operation  and  Calibration 

Operation  of  the  instrument  is 
simple.  Push-button  switch  S,  is 
pushed  to  break  the  discharge  cur¬ 
rent  through  FT,  and  FT,  if  they 
were  previously  fired.  Neon  bulbs 
N,  and  N,  must  now  be  dark. 
Key  S,  is  next  closed  to  discharge 
capacitor  C,  and  the  output  meter 
is  adjusted  to  zero  by  means  of  the 
rheostat.  The  apparatus  is  now 
ready  for  the  measurement.  After 
the  on  and  off  pulses  arrive,  the 
meter  is  read. 

Before  each  measurement,  capac¬ 
itor  C  must  be  fully  discharged. 
This  is  accomplished  by  a  key  ar- 
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FIG.  4 — Mochanical  arrangement  used  in  the  vacuum-tube 
voltmeter  circuit  to  eliminate  leakage  and  photoelectric  effects 
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Tests  of  clothing  at  60  deg  below 
zero  are  made  by  the  U.  S.  Army 
Quartermaster  Corps,  using  ther¬ 
mocouples  placed  at  the  heart,  kid¬ 
ney.  back,  abdomen,  thighs  and  big 
toes  of  soldier  volunteers 


A  harneis  holds  thermocouple  iunctions  in  contact  with  the 
flesh  at  eight  points  on  the  soldier's  body.  A  coble  connects 
the  couples  to  an  electronic  potentiometer  which  records 
body  temperatures  during  rarious  actirities  in  arctic  dress 


DOBOOpf. 


Use  of  this  electronic  potentiometer,  a  product  of  Brown  Instru¬ 
ment  Co.,  has  speeded  up  the  recording  of  the  temperature 
readings  over  a  manually-operated  instrument  formerly  used. 
A  complete  record  of  the  eight  readings  for  each  man  now 
requires  about  30  seconds 


lot  a  mummy,  but  a  soldier  in  a  sleeping  bag  undergoing  a 
""po.-r  ure  test  at  60  deg  below  sero  to  determine  the  reac- 
on  of  the  body  to  extreme  cold  while  relaxed.  Such  tests,  con- 
'-cted  by  the  U.  S.  Army  QMC,  should  hare  on  effect  upon 
commodity  standards  after  the  war 
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FIG.  7 — Two  circuiU  ior  9*nerating  a  pair  oi  pulses  haying  a  given 
ond  known  time  spacing,  for  use  in  calibrating  the  electronic  timer 


Produetloa  of  Troosioot  Pairs 

Circuits  for  the  production  of 
transient  pairs,  with  variable  and 
known  time  spacing  between  the 
individual  pulses  of  the  pair,  are 
easily  constructed.  The  time  it 
takes  for  a  known  capacitance  C. 
to  charge  from  an  initial  voltage 
E,  to  a  known  voltage  Et  by  appli¬ 
cation  of  a  known  voltage  Ei 
through  a  known  resistance  R  is 
found  to  be 

The  circuits  shown  in  Fig.  7  are 
based  on  this  principle.  Figure  7A 
uses  a  gas  discharge  tube  of  known 
flashing  potential  Et.  The  initial 
voltage,  before  operating  the  mer¬ 
cury-pool  key,  is  F,  =  0  volts. 
When  the  key  is  pressed,  a  known 
voltage  Ex  is  applied.  With  three 
different  capacitances  C  and  a  vari¬ 
able  resistance,  three  ranges  are 
obtained  for  the  time  of  delay  be¬ 
tween  pulse  1  and  pulse  2,  the  latter 
of  which  will  occur  as  a  result  of 
the  delayed  ignition  of  the  dis¬ 
charge  tube. 

The  voltage  regulator  tube 
VR106/30  can  be  used  as  a  dis¬ 
charge  tube.  Its  flashing  potential 
is  accurately  reproducible,  and  was 
found  to  be  Et  =  138  volts  1 
percent  for  four  different  tubes 
tried.  Such  cold-cathode  gas  dis¬ 
charge  tubes  introduce  an  intrinsic 
time  lag  which  has  to  be  taken  into 
account.  Under  normal  conditions, 
this  time  lag  would,  in  fact,  be 
random  and  unpredictable,  render¬ 
ing  the  tubes  worthless  for  this 


purpose.  However,  sufficient  illu¬ 
mination  from  a  steady  source  of 
light  produces  sufficient  photo  ion¬ 
ization  in  the  tube  to  eliminate  all 
randomness,  and  simply  yields  a 
consistent  time  lag  which,  for  the 
VR106/30,  was  found  to  be  ap¬ 
proximately  t,  —  2.5  X  10'*  sec 
for  4  different  tubes.  Thus,  the 
actual  time  lag  between  the  two 
pulses  of  a  pair  is  determined  with 
Eq.  (1),  taking  into  account  the 
additional  intrinsic  lag  t,\ 


2.5  X  1(1*  sec. 

The  source  of  light  is  made  a 
permanent  part  of  the  apparatus, 
in  the  form  of  a  25-watt  light  bulb 
mounted  so  as  to  irradiate  the 
VR105/30  through  its  top. 

Figure  7B  shows  a  more  elabo¬ 
rate  variation  of  the  same  prin¬ 
ciple.  A  gas-tetrode  (2051)  is  used 
in  place  of  the  cold-cathode  dis¬ 
charge  tube.  This  has  two  advan¬ 
tages:  (1)  The  intrinsic  lag  of  the 
gas  tetrode  (or  triode)  is  negligi¬ 
ble;  (2)  The  inter-electrode  capa¬ 
citance  (grid  to  plate)  is  very  small. 
The  arrangement  in  Fig.  7B  is  of 
great  advantage  for  very  short 
time  intervals,  since  there  would 
otherwise  be  danger  of  inducing 
a  non-delayed  pulse  in  the  output 
circuit  of  pulse  2  by  way  of  capaci¬ 
tive  coupling.  To  make  full  use  of 
this  feature,  the  delayed  pulse  must 
be  taken  from  the  plate  circuit, 
and  since  this  pulse  has  negative 
polarity,  must  be  reversed  in  phase 
by  a  subsequent  vacuum  tube.  If 


it  were  not  for  the  relatively  large 
grid-cathode  capacitance  it  could  be 
taken  off  as  a  positive  pulse  on  the 
cathode  side  without  the  need  of 
an  additional  inverter  stage. 

The  principle  of  operation  of  the 
circuit  in  Fig.  7B  is  the  same  as  in 
the  case  of  Fig.  7 A,  although  it 
may  not  be  immediately  obvious. 
Tn  analogy  with  the  circuit  in  Fig. 

7 A,  operation  of  switch  S  should 
apply  a  known  voltage  Ex  to  the 
delay  network  between  a  and  6. 
Actually  this  does  happen,  the  volt¬ 
age  being  between  a'  and  b’  and 
capacitively  applied  over  Ci.  This 
does  not  introduce  an  error  as  long 
as  Cl  is  much  greater  than  C.  In 
this  way,  the  necessary  negative 
bias  can  be  applied  to  the  grid  of 
the  tube  through  Rc  which,  in  order 
to  introduce  no  error,  must  merely 
be  large  compared  to  R.  Equation 
(1)  will  now  apply  accurately  with¬ 
out  additional  time  lag,  but  noting 
that  in  this  case  E,  is  not  zero  but 
equal  to  the  permanent  negative 
bias  ( — 45  volts).  The  voltage 
sources  were  drawn  as  batteries 
merely  for  the  sake  of  simplicity; 
a-c  operation  is  naturally  possible 
and  can  be  carried  out  in  the  cus 
tomary  ways. 
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Photoelectric  INDUSTRIAL 


electrons  from  a  light-sensitive 
cathode  surface. 

Photoconductive  and  photovol¬ 
taic  cells  are  quite  rugged  in  con¬ 
struction  and  have  relatively  high 
current  output.  This  sometimes 
makes  possible  the  direct  operation 
of  meters,  relays  or  other  current 
operated  devices.  An  ampliher  can 


tronic 


however,  and  the  photoemissive 
type  is  often  selected  since  its  out¬ 
put  is  so  readily  amplified. 

Phototabos 

Photoemissive 

phototubes  are  probably  the 

They  contain  two 


devices  called 
most 


widely  used, 
elements,  a  cathode  and  an  anode, 
sealed  in  a  glass  tube.  The  cathode 
is  semi-cylindrical  in  shape  and  con¬ 
sists  of  some  base  metal  (such  as 
silver)  coated  with  caesium  oxide, 
which  is  sensitive  to  light.  The 
anode  generally  consists  of  a 
straight  wire  electrode  mounted 
along  the  axis  of  the  cathode 
Light  falling  upon  the  cathode  re¬ 
sults  in  emission  of  electrons  from 
the  light-sensitive  surface.  The 
released  electrons 


Fiq.  1 — Current-illumination  characterieticf  of  typical  phototube 


Many  industrial  engineers  and  where  mechanical  contact  cannot 
plant  superintendents  have  be  made)  are  readily  and  conven- 
been  afraid  of  photoelectric  equip-  iently  controlled  with  simple  photo- 
ment  and  have  regarded  it  as  deli-  electric  apparatus, 
cate  gear  that  must  be  carefully 
handled.  This  is,  today,  an  erron¬ 
eous  idea.  Photoelectric  equipment 
is  now  constructed  to  meet  the 
same  rigid  requirements  as  other 
well-constructed  industrial  control 
equipment. 

The  art  of  manufacturing  elec¬ 
tronic  tubes  has  progressed  to  such 
a  point  that  they  are  sturdy  and 
long-lived.  Similarly,  maintenance 
of  photoelectric  equipment  presents 
no  greater  problem  than  that  of 
other  industrial  controls.  In  many 
cases,  maintenance  is  less  on  photo¬ 
electric  equipment  than  on  other 
type  controls  used  for  the  same 
purpose. 

Photoelectric  controls  can  be  ap¬ 
plied  without  special  knowledge  of 
electronics.  Familiarity  with  amp¬ 
lifiers,  control  circuits  and  tube 
theory  is  not  necessary.  One  must 
know  only  what  the  equipment  will 
do  and  how  it  can  be  used. 

For  photoelectric  control,  light 
is  used  as  the  controlling  medium 
rather  than  mechanical  or  electri¬ 
cal  contacts.  Operations  where 
friction  cannot  be  tolerated  (or 


drawn  to 

the  anode  by  virtue  of  an  external 
voltage  applied  between  the  anode 
and  cathode. 

Selection  of  cathode  material  de¬ 
termines  the  spectral  response  of 
the  phototube.  Pure  sodium,  tung¬ 
sten-on-nickel,  thorium-on-nickel  or 
titanium-on-nickel  cathodes  are 
particularly  sensitive  to  ultraviolet 
radiation.  A  thin  layer  of  caesium 
deposited  on  a  layer  of  caesium 
oxide  (formed  on  a  silver  surface 
is  sensitive  to  visible  and  infrared 
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TYPICAL  APPLICATIONS 


Paper  mill  break  indicator  Counting  unite  on  production  line 

Automotic  weighing  Safety  Control  of  machinery,  fumacet 

Cellophane  bag  machine  controls  Concentration  and  color  control 

Stopping  of  mechanical  devices  Weld  comparers 

Liquid  level  control  Plant  protection 

Initiotion  of  flying  shears  in  steel  mills  Tin  reflow  regulators 
Door  opening  ond  closing  initiation 


f'-EcTRON 


ELECT  RONICS] 


Controls 


Rugged  construction  has  taken  the  elec¬ 
tronic  equipment  out  of  the  experimen¬ 
tal  stage  and  made  it  an  important  in¬ 
dustrial  tool.  The  principles  of  opera¬ 
tion  of  gas  and  vacuum-type  phototubes 
and  the  use  of  accessories  are  described 
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Photoelectric  unit  oi  the  type  commonly 
employed  ior  counting  boxes  or  pack¬ 
ages  on  a  coneeyor 


ounted 


of  the  photo-emitted  electrons  is 
sufficient  to  knock  out  additional 
electrons  from  the  gas  atoms  with 
which  they  collide.  Gas  atoms  are 
thus  split  into  positive  ions  and 
free  electrons. 

The  free  electrons  are  drawn  to 
the  positive  anode  and  the  positive 
ions  migrate  toward  the  negative 
cathode.  The  positive  ions  sur¬ 
round  this  element  of  the  photo¬ 
tube  and  exert  such  force  that  addi¬ 
tional  electrons  are  emitted  which 
combine  with  the  original  photo¬ 
electric  current.  These  two  fact¬ 
ors  produce  additional  photoelectric 
current  that  may  be  several  times 
the  value  of  primary  electron  cur¬ 
rent. 

Phototubes  are  not  particularly 
sensitive  to  temperature  changes. 
However,  the  maximum  operating 
temperature  for  most  commercial 
phototubes  should  not  exceed  50 
deg.  C  (122  deg  F).  The  tempera¬ 
ture  referred  to  is  that  which  comes 
in  contact  with  the  bulb,  or  the 
ambient  temperature.  If  the  photo¬ 
tube  is  operated  above  recom¬ 
mended  temperature,  sensitivity 
may  decrease.  High  operating 
temperature  also  decreases  life  of 


An  axplosion-prooi  case  for  ipociol  applications  enclosos  this  control  unit 


identical  as  to  structure.  A  high 
vacuum  is  employed  in  the  vacuum 
type  and  an  inert  gas  such  as  argon, 
neon  or  helium  (at  very  low  pres¬ 
sure)  is  used  in  the  gas-filled  type. 


rays  and  is  a  very  satisfactory 
type  of  cathode.  It  is  particularly 
j  useful  where  Mazda  lamps  are  em¬ 
ployed  as  light  sources. 

Optical  filters  and  phototubes 
may  be  combined  to  alter  the  color- 
'(■nsitivity  response  of  the  photo¬ 
tube.  If  a  green  filter  is  used  with 
:*be  Westinghouse  type  WL-770 
phototube,  for  example,  the  re- 
‘  ponstj  is  almost  identical  to  that 
of  the  human  eye. 

,  Phototubes  can  be  divided  into 
two  classes,  namely,  gas  and 
vacuum.  The  two  designs  are 


Gas  Tubes 

Gas-filled  phototubes  are  much 
more  sensitive  than  vacuum-type 
tubes.  The  greater  effective  re¬ 
sponse  is  obtained  through  gas  am¬ 
plification  and  secondary  emission. 
Electrons  emitted  by  action  of  light 
rays  on  the  cathode  are  drawn  to 
the  positive  anode.  High  velocity 


lacet 


[Electronics 


:TftONlCS 


/ 


such  ca 
to  incr( 
photoeh 
ous  ligl 
from  lis 
and  pe< 
cause 
used  to 
beam  s 
times  m 
ties.  A 
infrarec 


Circurt 


Pftofv- 

tubt 


T\q.  2 — InaxpMuiT*  raloy  for  indoor  oppUcotioni  whoro 

low  sonsltiTity  Is  pormissiblo 


Fig.  3 — SchomoUc  circuit  of  a  phototubo  omd  thyrotron  os  ussd 
to  form  a  simplo  photooloctric  rolory 


|he  tube  due  to  evaporation  of  vola¬ 
tile  material  on  the  cathode. 

Under  ideal  operating  conditions 
(normal  temperature,  proper  volt- 
jtge  on  the  anode  and  sufficient  light 
on  the  cathode)  the  output  of  ordi¬ 
nary  gas  or  vacuum  phototubes 
does  not  exceed  100  microamperes 
per  lumen  of  light.  The  curves  of 
Fig.  1  show  how  current  flow  in 
phototubes  is  affected  by  illumina¬ 
tion  intensities.  It  is  usually  nec¬ 
essary  to  amplify  this  small  current 
if  phototubes  are  to  be  of  prac¬ 
tical  value.  The  device  that  am- 
plifles  the  small  currents  of  a 
phototube  is  called  a  light  relay, 
or  photoelectric  relay. 

Relays 

Photoelectric  relays  are  available 
in  a  number  of  different  designs. 
When  used  to  supply  initiating  ac¬ 
tion  to  open  and  close  doors  (or  for 
operation  where  maximum  sensi¬ 
tivity  is  not  required  and  distance 
from  the  light  source  does  not  ex¬ 
ceed,  say,  20  feet),  a  light  relay 
such  as  shown  in  Fig.  2  may  be 
used.  Such  an  arrangement  con¬ 
sists  of  a  phototube,  a  thyratron 
tube,  a  transformer  (to  supply 
proper  filament  and  anode  volt¬ 
ages)  and  miscellaneous  small  ca¬ 
pacitors  and  resistors. 

Thyratron  characteristics  are 
such  that  when  the  negative  grid 
potential  (relative  to  cathode)  ex¬ 
ceeds  the  critical  breakdown  volt¬ 
age  (for  corresponding  anode  volt¬ 
age),  the  tube  does  not  become 
ionized  and  no  current  is  conducted 
through  the  tube.  When  the  grid 
potential  becomes  more  positive 
than  the  critical  grid  voltage,  the 
tube  breaks  down  and  conducts 
current.  In  the  photoelectric  relay 


shown  in  Fig.  2,  a  negative  voltage 
(relative  to  cathode)  is  applied  to 
the  grid  of  the  thyratron  tube. 

When  the  phototube  is  illuminated, 
this  negative  thyratron  potential 
is  balanced  out  as  a  result  of  cur¬ 
rent  flow  through  the  phototube  and 
the  thyratron  conducts  current. 

As  shown  in  the  diagram  of  Fig. 

3,  the  coil  of  a  relay  is  connected 
in  series  with  the  anode  of  the 
thyratron  tube.  When  the  coil  is 
energized,  the  relay  contacts  oper¬ 
ate  a  counter  or  other  suitable 
control. 

Many  installations  require  a 
photoelectric  relay  that  responds 
to  exceedingly  small  changes  in 
illumination  and  provides  maxi¬ 
mum  speed  of  response.  In  such 
applications,  an  amplifier  is  placed 
between  the  phototube*  and  the 
thyratron  tube.  The  amplifier  mag¬ 
nifies  the  small  current  impulses 
that  are  generated  by  action  of 
light  on  the  cathode  of  the  photo¬ 
tube.  Figure  4  shows  a  photoelec¬ 
tric  relay  that  utilizes  a  single 
stage  resistance-coupled  amplifier. 

The  phototube  is  on  the  left,  the 
amplifier  tube  is  in  the  center  and 
the  thyratron  is  on  the  extreme 
right. 

RagUfer  Control 

Photoelectric  relays  designed  for 
maximum  sensitivity  and  speed  of  In  other  cases, 
response  are  used  in  installations  quently  a  smal 
where  the  distance  between  light  ixi  in.)  is  pla( 
source  and  phototube  is  about  forty  the  paperstrip. 
feet  or  more.  Many  are  also  used  ors  have  made 
for  register  regulator  applications.  3,000  ft  per  mir 
Register  regulators  are  found  in  When  light  s< 
many  industries  where  consumer  are  over  40-fee 
products  (such  as  cigarettes  and  difficult  to  obi 
candy  bars)  are  wrapped  auto-  mination  on  the 
matically  by  machine.  Such  regu-  ate  the  photo 


Fig.  4 — In  this  unit  th*  phototub*  i**<b 
into  o  linglo-otog*  ompliiior  which,  in  turn, 
control*  th*  thyratron  under  the  shield  at 
the*  right 


lators  control  the  cutting  of  rolls 
of  paper.  Aligned  to  plus  or  minus 
sfe-in.  accuracy,  they  control  the 
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such  cases,  it  is  rarely  practical 
to  increase  the  sensitivity  of  the 
photoelectric  relay  since  extrane¬ 
ous  light  (such  as  that  reflected 
from  light-colored  objects,  windows 
and  people's  clothing)  is  apt  to 
cause  false  operations.  Filters 
used  to  provide  an  invisible  light 
beam  sometimes  help  and  some¬ 
times  merely  accentuate  the  difficul¬ 
ties.  A  phototube  housing  having 
infrared  filters  is  shown  in  Fig.  5. 

iRtcrraptvd  ■•ani 

A  photoelectric  relay,  responsive 
only  to  a  rapidly  pulsating  light. 


-TUs  phototub*  housiag  contoina  a 
larq*  lana  oad  lnirar*d  filtor 


Fig.  6 — Fall*  operation  du*  to  light  irom  other 
(ourcea  ia  eliminated  by  the  ua*  of  this  motor-driTen 
alotted  diac  to  interrupt  the  light  beom 


Fig.  7 — Thia  combination  of  phototube  and  light  source  in  on*  unit 
is  called  a  "scanner"  and  is  useful  for  register-regulator  opplications 
where  light  is  reflected  from  printed  moTing  register  marks 
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EQUALIZER  DESIGN 


Attenuation  and  phase  functions  of  frequency-transmission  characteristics  in  circle  dia¬ 
grams,  for  determining  performance  and  selecting  circuit  constants  of  “constant-resistance” 

and  other  conventional  types 


;  1 

! 

I 


The  use  of  circle  diagrams  for 
facilitating  the  solution  of  va¬ 
rious  problems  in  engineering  is 
well  known.^’*  A  chart  which  may 
be  used  in  determining  the  charac¬ 
teristics  of  a  large  number  of  elec¬ 
trical  circuits  used  in  audio  and 
r-f  systems  is  to  be  described. 

The  attenuation,  phase  and  im¬ 
pedance  functions  of  various  cor¬ 
rective  networks  may  be  determined 
directly  from  the  chart  by  follow¬ 
ing  the  circular  loci  of  constant  A 
and  constant  X.  Here  A  is  the 
ratio  of  two  resistances,  while  X 
is  the  product  of  radian  frequency 
and  an  inherent  time  constant  of 
the  circuit.  As  soon  as  particular 
values  of  A  and  X  are  determined 
from  given  specifications,  the  be¬ 
havior  for  all  other  values  of  X  or 
A  is  read  directly  from  the  chart. 
Examples  showing  both  methods  of 
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application  will  be  considered. 

Suppose  it  is  desired  to  design  a 
simple  low-pass  network  satisfying 
the  following  specifications : 

(1)  As  the  frequency  increases, 
the  attenuation  introduced  by  the 
network  is  to  increase  gradually 
from  zero  to  not  more  than  14  db, 
while  at  the  pivoting  or  “cross¬ 
over”  frequency  of  1000  cps,  the 
attenuation  should  be  7  db. 

(2)  The  network  is  to  work  from 
a  signal  source  having  500  ohms  in¬ 
ternal  resistance. 

A  circuit  having  these  general 
characteristics  is  shown  in  Fig.  la, 
and  in  the  fourth-quadrant  group 
of  circuits  shown  on  the  chart.  The 
problem  is  to  determine  the  values 


of  the  resistances  R  and  AR,  and 
the  capacitance  C,  which  satisfy 
the  specifications.  Since  the  source 
internal-resistance  ia  to  be  500 
ohms,  it  is  possible  to  let  R  be  this 
internal  resistance,  500  ohms.  For 
purposes  of  analysis,  let  the  signal- 
source  voltage  be  a  sine  wave  of 
frequency  /,  represented  by  the 
complex  quantity  E».  Let  the  out¬ 
put  voltage  be  another  complex 
quantity  E  which  differs  from  E, 
in  both  magnitude  and  phase. 

Certain  facts  are  evident  on  in¬ 
spection  of  Fig.  la'.  For  d.c.,  or 
zero  frequency,  the  ratio  E/E,  =  1, 
or  E  and  E,  are  equal  both  in  mag¬ 
nitude  and  phase.  As  the  frequency 
increases  and  approaches  infinity, 
the  reactance  of  the  capacitance  C 
and  the  voltage  across  C  approach 
zero  together.  Hence,  at  infinite 
frequency,  E  is  again  in  phase  with 
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FIG.  le — ^Tabl*  of  computed  Tolnet  of  Z 
for  corresponding  selected  frequencies 
t,  emd  reodings  of  values  tor  the  atten¬ 
uation  and  phase-shift  functions  taken 
from  the  chart 


FIG.  lb — Simplified,  partial  duplication  of  the  design  chort.  for  use  in  solution 
of  the  network  of  Fig.  la 
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E,  and  should  be  14  db  below 
or  E/E,  =  0.2.  But  E/E,  =  AR/ 
{R  +  AR)  =  A/(l  +  A)  =  0.2,  or 
A  =  0.25.  This  determines  AR  to 
be  equal  to  0.25  X  500  =  125  ohms. 
For  intermediate  frequencies,  a 
little  consideration  will  show  that 
the  voltage  E  lags  E,  and  has  a 
magnitude  somewhere  in  the  range 


in  determining  quantitatively  the  clockwise  or  counter-clockwise  ar- 
manner  in  which  the  ratio  E/E,  row  rotation  indicates  a  respective 
varies  with  frequency.  Reference  phase-angle  lag  or  lead  of  E  rela- 
is  first  made  to  Fig.  lb,  since  it  is  tive  to  E,.  As  the  frequency  in- 
a  simplified  but  partial  duplication  creases  from  zero  to  infinity,  this 
of  the  portions  of  the  circular  loci  arrow  starts  from  a  horizontal 
chart  which  pertain  to  the  problem,  position  where  E/E,  —  1,  then  ro- 
The  end  of  the  heavy  arrow  indi-  tates  clockwise,  decreasing  in  mag- 
cates  the  complex  quantity  E/E,,  nitude.  The  rotation  indicates  that 


beb^een  E  =  E,  and  E  =  0.2  E,.  The  magnitude  of  this  ratio  is  equal  E  lags  in  phase  relative  to  E,.  After 
Consider  now  the  use  of  the  chart  to  the  length  of  the  arrow,  while  a  the  arrow  reaches  a  point  of  —42 
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FIG.  Id — Bridg«d-T  network  doriTod  ior 
constont-rosistanco  impodonco-motch  at 
both  its  input  and  output  torminols.  with 
attenuation  characteristics  lor  the  cir¬ 
cuit  of  Fig.  la 

deg  maximum  lag,  it  continues  in 
reverse  rotation,  while  decreasing 
further  in  magnitude.  At  infinite 
frequency,  the  arrow  is  again  hori¬ 
zontal,  where  E  and  E,  are  again  in 
phase,  and  the  length  of  the  arrow 
(the  magnitude  of  E/E,)  is  0.2. 
As  the  frequency  varies,  the  locus 
of  E/E,  is  a  circle.  This  is  shown 
in  Fig.  lb  by  the  heavy  circular 
line,  which  is  obtained  from  the 
chart  in  the  following  manner: 

It  is  recalled  that  a  14  db  maxi¬ 
mum  attenuation  is  desired  at  infi¬ 
nite  frequency.  Thus,  on  the  ver¬ 
tical-amplitude,  linear,  db  scale,  lo¬ 
cate  the  circle  of  constant  14  db 
attenuation.  Follow  this  circle  in  a 
counter  -  clockwise  direction  and 
note  the  point  where  it  intersects 
the  horizontal  line.  The  circle  of 
constant  value  of  A  which  also  in¬ 
tersects  this  point  is  the  circle  for 
which  A  =  0.26.  This  circle  is  the 
desired  locus  of  E/E,. 

The  chart  and  Fig.  lb  also  show 
that,  orthogonal  to  the  circles  of 
constant  A,  are  those  of  constant 
relative  frequency  X.  As  indicated 
in  the  fourth  quadrant  of  the  chart, 
X  =  2%fCR,  i.e.,  X  is  proportional 
to  the  frequency,  and  equals  unity 
at  the  frequency  where  the  magni¬ 
tude  of  the  reactance  of  capacitance 
C  is  equal  to  R.  It  is  now  recalled 
that,  at  1000  cps,  the  specifications 
require  an  attenuation  of  7  db. 
Figure  lb  and  the  chart  show  that 
the  circle  of  constant  7  db  attenu¬ 
ation  intersects  the  circle  of  con¬ 
stant  A  =  0.25  at  the  value  of 
X  =  1.8.  Hence,  C  is  determined  by 
noting  that  .Y  =  1.8  =  Z-nfCR  = 


2x  X  1000  X  C  X  500,  or  C  = 
0.68  /if. 

Complcf*  TraMinitiioR  FuRctioR 

If  desired,  the  amplitude  and 
phase  frequency-characteristics  of 
the  network,  for  frequencies  other 
than  1000  cps,  are  easily  deter¬ 
mined.  Following  the  procedure 
outlined  above,  it  is  found,  for  ex¬ 
ample,  that  the  attenuation  is  8.5 
db  at  X  =  0.94,  or  /  =  X/2%CR  - 
0.94/2ii  X  0.58  X  500  =  520  cps, 
and  the  phase  angle  is  —37  deg. 
Both  the  attenuation  and  phase 
characteristics  are  tabulated  in  Fig. 
Ic.  It  should  be  noticed  particu¬ 
larly  that  the  chart  gives  a  physical 
picture  of  the  way  in  which  the 
ratio  ^/J?.  varies  with  frequency. 

The  circuit  chosen  is  the  simplest 
which  will  fulfill  the  specifications, 
but  it  has  the  disadvantage  of  pre¬ 
senting  to  the  500-ohm  source  an 
impedance  which  is  not  solely  re¬ 
sistive  and  which  varies  with  fre¬ 
quency.  If  a  constant  resistive 
impedance  of  500  ohms  is  desired, 
as  one  looks  from  the  source  into 
the  network,  then  the  circuit  may 
be  elaborated  to  the  bridged-T  type 
shown  on  the  chart  and  in  Fig.  Id. 
This  is  one  of  a  series  of  “constant 
resistance”  networks’  whose  solu¬ 
tion  may  be  obtained  using  the 
chart. 

PhatR-ShiffiRg  Network  Example 

Suppose  a  simple  phase-shifting 
circuit  is  to  be  designed  using  the 
circuit  shown  in  Fig.  2.  At  the 
frequency  of  1000  cps  it  is  desired 
to  control  the  phase  of  E  relative  to 
that  of  E,  by  the  setting  of  the 
variable  resistance  AR.  The  total 
phase  shift  should  not  be  less  than 
35  deg,  and  there  should  occur  a 
minimum  change  in  the  magnitude 
of  E  as  its  phase  is  varied.  The 
problem  now  is  to  determine  C  and 


AR,  R  being  given  equal  to  500 
ohms. 

Studying  the  chart,  it  is  seen 
that,  inasmuch  as  the  frequency  is 
now  constant,  the  locus  of  E/E,  is 
again  circular  but  now  follows  the 
circles  of  constant  relative  fre¬ 
quency  X.  It  is  desired  to  choose  a 
circle  for  some  value  of  X  such 
that,  as  A  varies,  a  maximum  phase 
shift  occurs  in  E/E,  together  with 
a  minimum  change  of  magnitude. 
By  choosing  the  circle  for  which 
X  =  2,  a  phase  shift  of  from  -65 
deg  to  —28  deg,  or  a  difference  of 
37  deg,  is  obtainable  with  only 
about  a  0.6  db  change  in  magnitude. 
Hence  X  =  2  =  2%fCR  =  2i:  x  1000 
X  500  X  C,  or  C  =  0.64  /if.  The 
value  of  A  at  —66  deg  is  zero,  while 
at  —28  deg  the  value  of  A  is  0.48, 
Thus  AR  should  vary  from  0  to  0.48, 
so  the  resistance  AR  of  Fig.  2 
should  vary  from  zero  to  0.48  x 
500  =  240  ohms. 

The  table  in  Fig.  2  gives  values 
of  phase  shift  vs.  settings  of  AR. 
Some  attempt  should  be  made  to 
solve*  this  problem  without  the  use 
of  the  chart  to  appreciate  its  time¬ 
saving  value  in  solving  problems  of 
this  type. 

The  use  of  the  chart  is  not  lim¬ 
ited  to  examples  of  the  types  just 
described.  For  example,  it  is  possi¬ 
ble  to  solve  also  for  the  magnitude 
and  phase  of  the  input  impedance 
or  admittance  of  the  networks 
shown  in  the  first  and  fourth  quad¬ 
rants  of  the  charts.  Applications 
to  other  circuit  problems  not  given 
here  are  also  possible. 


References 

(1)  Seletzky,  A.  C.,  CrosR  I’otential  ut 
a  4-arm  network.  Electrical  EncinrerinQ. 
p.  861.  5t.  No.  12.  Dec.  1933. 


(2)  Haxeltine.  A..  Current  Loci  In  ttar 
General  Linear  A.  C.  Network.  BUctn^l 
Enffineering,  p.  828,  56,  No.  3,  March,  IMi 


(3)  Terman,  F. 
indb 


Handbook" 
(1948) 


p.  245. 


E..  "Radio  Enxlneen 
McOraw-Hlll  Book  to 


FIG.  2 — Phose-ahiiting  network,  ior  constant-amplitude  phase-correction,  dis¬ 
cussed  in  Excnnple  2.  Values  oi  AR.  adjusted  for  the  desired  condition,  are 
given  in  the  table 
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Military  Transmitter 
in  MASS  PRODUCTION 

Assembly  system  similar  to  those  used  in  the  pre-war  manufacture  of  radio  receivers  is 
successfully  applied  to  the  fabrication  of  the  heavier,  much  more  complicated  BC-610-E. 
Units  pass  through  the  steps  pictured  here  in  less  than  six  hours 


Phantom  Tiew  of  tho  SCR -299  communications  truck  and  troUor.  Tbo  transmitter  seen  in  forward  part  of  truck  is  the  BC-810-E 

By  C.  T.  READ 

Engineering  Department 
The  Hallicraftere  Company 
Chicago,  JIL 


IN  THE  home-front  battle  of  war 
production,  an  outstanding  vic¬ 
tory  has  been  won  by  the  adaption 
of  mass-production  technique  to 
the  manufacture  of  heavy,  yet  com¬ 
plicated  electronic  equipment 
Everyone  is  familiar  with  the 
success  that  automobile  manufac¬ 
turers  have  had  in  applying  their 
methods  of  fabrication  to  the  air¬ 
plane  engine.  Less  well  known  has 
been  the  successful  use  of  mass  pro¬ 
duction  methods  in  the  construction 
of  radio  transmitters. 

Apparatus  which  in  pre-war  days 
was  virtually  custom-built  by  skilled 
craftsmen  is  now  being  produced 
on  the  assembly  line.  Not  only 
has  production  been  speeded  up, 
but  quality  has  been  improved. 

The  accompanying  pictures, 
taken  in  the  Clearing,  Illinois  plant 
of  the  Hallicrafters  Company, 
where  the  pre-war  model  HT-4 
transmitter  is  now  being  built  in 
large  quantities  for  the  armed 
forces  as  the  BC-610-E,  illustrates 
the  major  steps  in  assembly. 


^  Power-aupply  auembly  ifortt  here,  on  the  main  production  line.  This 
chassis  forms  a  base  for  the  entire  BC-610-E  transmitter.  Rectifier  tube 
sockets,  filter  chokes  and  capacitors  are  the  first  component  parts  to  be 
installed.  A  special  wood  table  holds  the  chassis  upside  down  for  this  step 


■RONICS 


electronics  —  April  1944 


Military  Transmitter  in  I  Mas 


General  floor  plan  showing  the  production-line  scheme  em¬ 
ployed.  Units  assembled  elsewhere,  and  components,  are 
dellTered  to  the  sub-ossembly  lines  shown  at  the  left  and 
right  Work  progresses  from  the  top  of  the  diagram  to  the 
bottom,  with  direct  physical  transfer  from  auxiliary  to  main 
line  fodlitoted  by  the  odiocent  position  of  these  two  lines 


2  Power-control  panel  assembly  storts  here/  on  an  auxiliary 
production  line.  Parts  ore  mounted  on  the  panel  and  wiring 
I  is  completed 


S  The  power-supply  section  of  the  BC-610-E  transmitter  is 
picked  up  by  means  of  an  electric  hoist  and  placed  on  a 
dolly  which  can  be  moTed  by  hand  the  rest  oi  the  way 
down  the  assembly  line.  This  photo  shows  the  modulator 
chassis.  receiTed  from  a  sub-assembly  line,  being  lowered 
into  place.  Inter-connection  cables  ore  installed  here 


6  The  power-supply  and  modulator  unit  receires  o  com¬ 
plete  mechanical  inspection.  All  main  support  bolts  are 
tested  with  a  speciol  torque-measuring  wrench.  The  bolls 
holding  the  main  power  transformer,  for  example,  must  not 
turn  until  a  torque  oi  90  inch-pounds  is  opplied 
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0  Shlilcd  to  th*  main  production  lino,  tho  ostomblod  and 
wirod  powor-control  ponol  is  bolted  to  two  side  members 
and  forms  the  front  of  the  cabinet.  The  power-supply  chassis 
is  lifted  and  lowered  into  place,  forming  the  bottom 


^  After  the  power-supply  chasM  ond  power-control  panel 
ore  fastened  together,  the  unit  is  turned  oeer  and  placed  in 
a  }ig.  Then  the  main  power  transformer,  weighing  113  lb., 
is  lowered  Into  portion  and  bolted  down 


f  Back  on  the  ouidliary  production  line,  an  exciter  chassis 
built  as  a  complete  unit  ot  another  HoUicraiters'  plant  is 
Installed  in  the  r-f  section  of  the  cabinet  and  a  control  panel 
containing  meters,  bond-switch  and  final  ompliiier  tuning 
control  is  placed  in  position 


O  The  finol  amplifier  tuning  capacitor  assembly  and  a 
socket  for  the  final  ompliiier  tube  are  installed,  and  r-f 
wiring  is  completed 
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(Continued  from  page  123) 
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11  The  transmitter  is  moved  into  an  electrical  testing  room, 
where  large  tabes  and  plug-in  tuning  units  are  inserted.  A 
dummy  antenna  is  connected  and  the  transmitter  is  keyed 
and  modulated  on  five  successive  test  frequencies  between 
1.500  and  18.000  kc 


12  Finally,  a  top  cover  is  instolled  and  the  tronsmittsi 
is  given  a  thorough  cleoning  by  means  of  compreised  odr. 
It  is  then  ready  for  Signal  Corps  inspection 
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Military  requirements  for  the 
operation  of  radio  equipment 
over  wide  temperature  ranges  have 
accentuated  the  problem  of  tem¬ 
perature  compensation  of  tuned  cir¬ 
cuits. 

One  solution  has  been  the  de¬ 
velopment  of  the  variable  tempera¬ 
ture  coefficient  ceramic  capacitor  to 
the  point  where  well-controlled 
mass  production  is  possible.  This 
has  increased  the  use  of  ceramic 
capacitors  for  temperature  compen¬ 
sation.  The  extensive  use  of  this 
type  of  compensation  has  intro¬ 
duced  an  uncompensated  error  in 
variable-frequency  circuits  which 
f  appears  at  all  frequencies  except 
the  one  for  which  the  ceramic  ca¬ 
pacitor  temperature  coefficient  is 
chosen. 

Filed  v«  Variable  Frequency 

In  a  fixed-frequency  circuit,  the 
temperature  coefficient  of  the  ce¬ 
ramic  padding  capacitor  across  the 
tank  capacitor  may  be  chosen  so  as 
to  compensate  for  the  change  in 
capacitance  of  the  tank  capacitor 
or  the  change  in  inductance  of  the 
tank  coil,  subject  to  the  present 
limitations  of  temperature  coeffi¬ 
cients  of  ceramic  capacitors  and 
the  type  of  variation  of  tank  ca¬ 
pacitance  and  inductance  with  tem¬ 
perature.  ^ 

In  a  variable-frequency  circuit, 
it  is  well  kno^vn  that  lumped 
changes  in  inductance  or  capaci¬ 
tance  have  varying  effects  over  the 
frequency  band  covered  by  the  cir¬ 
cuit.  For  example,  consider  a  20 
to  40-Mc  capacitor-tuned  circuit. 
Assume  a  padding  capacitor  is 
added  which  causes  a  frequency 
change  of  100  kc  at  20  Me.  It  can 
be  shown  that  this  padding  ca¬ 
pacitor  will  cause  a  change  of  fre¬ 
quency  of  800  kc  at  40  Me,  a  ratio 
of  8:1,  although  the  band  coverage 
is  2:1. 

Let  A/,  be  the  change  in  fre¬ 
quency  at  frequency  /,  due  to  the 
change  in  the  lumped  constants, 
and  let  A/,  be  the  change  in  fre¬ 
quency  at  frequency  /„  due  to  the 
same  change  in  the  lumped  con¬ 
stants.  Then,  it  may  be  easily 
8ho\\Ti  that,  in  the  following  vari- 
j  able-frequency  circuits  where  vari¬ 
able  capacitance  is  used  and 
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TEMPERATURE 

COMPENSATION 

An  analysis  of  an  uncompensated  temperature  error 
occurring  in  variable-frequency  tank  circuits  employ¬ 
ing  ceramic  capacitors  for  compensation 


By  HERBERT  SHERMAN 

Senior  Engineer 

Philadelphia  Signal  Corpa  Procurement  District 
Philadelphia,  Pa. 


(a)  Lump  capacitance  is  changed, 
the  change  in  frequency  is 

A/,  -  A/, /,»//.’  (1) 

(b)  Lump  inductance  is  changed, 
the  change  in  frequency  is 

A/,  -A/,/,//,  (2) 

Where  variable  inductance  is 
used  and 

(a)  Lump  inductance  is  changed, 
the  change  in  frequency  is 

A/,  »  A/,/,*//i‘  (3) 

(b)  Lump  capacitance  is 
changed,  the  change  in  frequency  is 

A/,  -  A/,/,//,  (4) 

Induetanee  vs  Capacitance 
Compensatien 

Let  us  now  consider  a  capacitor- 
tuned  circuit,  operating  at  fre¬ 
quency  fu  which  is  temperature 
compensated  by  a  ceramic  capacitor 
having  a  specified  temperature  co¬ 
efficient.  Assume  that  a  tempera¬ 
ture  change  causes  a  change  in  the 
fixed  inductance  of  the  circuit  and 
that  the  ceramic  capacitor  tem¬ 
perature  coefficient  has  been  chosen 
so  as  to  vary  the  lumped  capaci¬ 
tance  to  compensate  for  this  induct¬ 
ance  change.  At  any  other  fre¬ 
quency  /„  the  frequency  drift  due 
to  these  changes  in  the  lumped 
constants  is 

,  A/i  “  A/c  —  A/t  (6) 

where  A/o  is  the  change  in  fre¬ 
quency  at  frequency  /,  due  to  the 
change  in  lumped  capacitance  as  de¬ 
fined  in  Eq.  (1),  and  A/t  is  the 
change  in  frequency  at  frequency  /, 
due  to  the  change  in  lumped  induct¬ 
ance  as  defined  in  Eq.  (2)  (which 
is  of  opposite  sign  to  A/c  since 
A/c  w’as  arranged  to  compensate 
for  A/t).  Substituting  Eq.  (1) 
and  (2)  in  (5), 


A/,  -  A/,/,V/i»  -  A/,/,//,  (6) 

It  may  be  shown  that  the  change 
in  frequency  A/,  at  the  frequency 
ft,  due  to  a  small  change  in  lumped 
inductance  AL  is  given  by 

A/.  -If/.  (8) 

Substituting  Eq.  (8)  in  (7), 

■  <»> 

Equation  (9)  indicates  that  only 
at  a  single  frequency  is  it  possible 
to  compensate  for  a  change  in 
lumped  inductance  with  a  lumped 
capacitance.  At  all  other  frequen¬ 
cies  complete  compensation  is  not 
possible,  and  the  resultant  error 
will  become  more  serious  as  the 
frequency  of  the  circuit  increases, 
or  as  the  percentage  change  in 
lumped  inductance  increases,  or  as 
the  frequency  changes  from  the  cor¬ 
rected  frequency.  Thus,  a  circuit 
which  has  been  capacitance  com¬ 
pensated  at  500  kc  for  a  0.1  percent 
change  in  inductance  will  have  a 
frequency  error  of  0.15  percent 
at  1000  kc. 

The  above  discussion  does  not 
take  into  account  the  error  due  to 
the  dependence  of  the  temperature 
coefficient  of  a  variable  capacitor  on 
the  degree  of  mesh  of  plates. 

The  necessity  for  compensating 
inductance  changes  by  equivalent 
inductance  changes  rather  than  by 
capacitance  changes  has  been  indi¬ 
cated  in  an  article  by  Mr.  E.  0. 
Thompson  entitled  “Temperature 
Compensated  Wavemeter  Coil,”  ap¬ 
pearing  in  Electronics,  Sept.  1943, 
page  148.  This  article  discussed 
the  temperature  compensation  of 
frequency-measuring  equipment. 


Feedback  Amplifier  foi 


Anot 
the  im] 
circuit 
is  avail 
tion  of 
a  vacu 
througl 
age  fee 
plate  r 
amplifii 
the  ext 
resista 
the  ov( 
output 
It  h 
intern! 
vacuur 
under 
voltag< 
wh 
the  ini 
out  fe( 
to  thi 


ELECTR 


test  sigi 
such  a 
as  to  mt 
It  wo 
some  mi 
output  i 
sacrifice 
thereby 
pation  ( 
of  the 
of  valu< 
wide  fr 
importa 
been  en 
cathode 
on  the 
from  t 
ever,  Y 
adoptio 


FIG.  1 — Ganeral  feedback  ampliliar  circuit 


FIG.  2 — Equivalent  circuit  lor  the  determination  of  the  effect  oi 
feedback  upon  t',i 
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Practical  application  of  feedback  for  impedance  compensation  in  amplifier  design  gives 
wide-band  performance  with  small  sacrifice  of  other  characteristics.  Both  electrostatic 
and  electrodynamic  deflection  applications  are  covered. 


IN  COMMON  with  all  vacuum-tube 
amplifiers,  an  amplifier  which  is 
designed  for  electrodynamic  deflec¬ 
tion  of  a  cathode-ray  tube  must  be 
capable  of  maintaining  a  constant 
output  potential  with  a  constant 
input  over  a  desired  frequency 
range,  in  the  presence  of  any  stray 
capacitive  loading  which  may  be 
present  in  the  output  circuit. 

Often  this  problem  is  intensified 
in  the  case  of  cathode-ray  tube  de¬ 
flection  amplifiers,  because  of  the 
relatively  high  output  potential 
which  is  demanded  for  full-scale 
deflection  of  the  cathode-ray  tube, 
and  the  wide  frequency  range  over 
which  they  usually  are  required 
to  operate.  In  many  cases,  also, 
the  amplifier  must  be  physically 
detached  from  the  enclosure  which 
mounts  the  cathode-ray  tube.  This 
type  of  design  introduces  addi¬ 
tional  load-circuit  capacitance  from 
the  connecting  cables  and  the 
cable-connection  fittings. 


•Formerly  Kith  David  Taylor  Model 
Batin,  Wathington,  D.  note  at  Naval 
Training  School  (Pre-Radar) ,  Rowdoin 
College,  Bntniitrirk,  Maine. 
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In  conventional  circuits  the  in- 
terelectroda  capacitances  between 
the  deflecting  electrodes  and  other 
electrodes  of  the  cathode-ray  tube, 
and  other  circuit  capacitances,  can 
present  a  load  to  the  deflecting 
amplifier  which  is  of  the  same  order 
of  magnitude  as  the  plate-load 
resistor  at  frequencies  as  low  as 
one-half  megacycle  per  second.  Va¬ 
riations  of  plate-circuit  impedance 
of  appreciable  magnitude,  there¬ 
fore,  can  readily  assume  proportions 
which  are  of  sufficient  importance 
to  be  the  determining  factor  in 
establishing  amplifier  performance. 

Methods  for  controlling  the  unde¬ 
sirable  effects  of  load-=circuit  ca¬ 
pacitance  usually  include  the  reduc¬ 
tion  of  the  output  impedance  of 
the  amplifier  by  the  use  of  low- 
values  of  plate-load  resistors  and 
the  use  of  small  amounts  of  induct¬ 
ance  in  the  plate-circuit  network 
to  compensate  for  the  shunting 


effects  of  stray  capacitances  at  high 
frequencies. 

LimitotiMS  Da*  to  Plat*  Loading 

Reduction  of  the  plate-load  re¬ 
sistor  is  a  powerful  method  for 
attacking,  this  problem,  but  it  has 
the  disadvantages  of  simultane¬ 
ously  increasing  the  plate  dissipa¬ 
tion  of  the  output  tubes  of  the 
amplifier,  increasing  the  load  on 
the  power-supply  equipment,  and 
reducing  the  gain  of  the  stage.  The 
addition  of  inductance  to  the  plate- 
circuit  network  of  the  amplifier 
makes  it  difficult  to  predict  the 
performance  of  the  amplifier  under 
the  effect  of  transients  which  may 
have  high-frequency  components. 
A  knowledge  of  the  transient  per¬ 
formance  of  an  oscilloscope  ampli¬ 
fier  is  especially  important,  for  the 
sigjjals  which  are  supplied  to  the 
input  circuit  of  such  an  amplifier 
are  usually  of  an  unknown  nature. 
At  least  in  the  case  of  the  simpler 
plate-circuit  networks  which  em¬ 
ploy  inductive  compen.sation,  reduc¬ 
tion  of  the  inductance  to  the  value 
w'here  overshoot  of  a  square-wave 


m 
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FIG.  3 — EquiTolant  circuit  ior  th*  amplifier  of  Fig.  1 


FIG.  4 — Simplified  form  of  the  circuit  of  Fig.  3 


test  signal  is  not  present  requires 
such  a  small  value  of  inductance 
as  to  make  its  eil'ect  questionable. 

It  would  appear,  therefore,  that 
some  method  for  reduction  of  the 
output  impedance,  which  would  not 
sacrifice  load-circuit  impedance  and 
thereby  transfer  the  power  dissi¬ 
pation  of  the  circuit  to  the  plate 
of  the  vacuum  tube,  would  prove 
of  value.  In  special  cases,  where 
wide  frequency-range  is  of  prime 
importance,  cathode-followers  have 
been  employed  for  the  deflection  of 
cathode-ray  tubes.  The  low  limit 
on  the  output  potential  available 
from  the  cathode-follower,  how¬ 
ever,  has  precluded  its  general 
adoption  for  such  purposes. 

Negative  Feedback  Method 

Another  method  for  reduction  of 
the  impedance  level  of  the  output 
circuit  of  a  vacuum-tube  amplifier 
is  available  in  the  effective  reduc¬ 
tion  of  internal  plate  resistance  of 
a  vacuum  tube  w’hich  is  obtained 
through  the  use  of  negative  volt¬ 
age  feedback.  Because  the  internal 
plate  resistance  of  a  vacuum-tube 
amplifier  is  connected  in  shunt  with 
the  external  load,  reduction  of  this 
resistance  will  effect  a  reduction  of 
the  overall  impedance  level  of  the 
output  circuit. 

It  has  been  shown'*  that  the 
internal  plate  resistance  of  a 
vacuum-tube  amplifier  changes 
under  the  influence  of  negative 
voltage  feedback  to  a  new  value 
r'„  which  new  value  is  lower  than 
the  internal  plate  resistance  with¬ 
out  feedback,  and  which  is  related 
to  that  value  by  the  expression 


r',  -  r,/(l-Md)  (1) 

where  /i  is  the  voltage-amplification 
factor  of  the  vacuum  tube  and  /8 
is  the  transmission  factor  of  the 
feedback  network.  This  new  value 
of  internal  plate  resistance  changes 
the  output  impedance  level  Z'o  of 
an  amplifier  with  negative  feedback 
from  its  value  without  feedback  to 
a  lower  value  which  is  given  by 


where  Rl  is  the  resistance  of  the 
entire  plate-circuit  load  network. 

The  reduction  of  impedance  level 
of  the  output  circuit  of  a  vacuum- 
tube  amplifier  by  the  use  of  nega¬ 
tive  voltage  feedback  can  be  greater 
than  90  percent  of  the  value  with¬ 
out  feedback.  This  fact  is  further 
developed  in  the  Appendix.  Such 
a  method,  therefore,  is  of  particu¬ 
lar  interest  in  the  case  of  cathode- 
ray  tube  deflection-amplifiers, 
where  the  high  deflection  potentials 
required  often  demand  the  use  of 
expensive  transmitting  tubes  and 
large  power  dissipations  to  obtain 
full-scale  deflection. 

General  Feedback  Amplifier  Circuit 

A  general  circuit'  useful  in  de- 
flection-amplifiers,  and  which  con¬ 
veniently  includes  negative  voltage 
feedback,  is  shown  in  Fig.  1.  In¬ 
terconnection  of  the  plates  of  F, 
and  V',  provides  a  simple  feedback 
netw’ork  which  is  reliable  over  the 
wide.st  possible  range  of  frequen¬ 
cies  the  amplifier  may  be  required 
to  pass. 

In  the  amplifier  of  Fig.  1,  the 
effects  of  negative  voltage  feedback 


in  reducing  plate-circuit  impedance 
level  are  found  not  only  in  the  out¬ 
put  stage,  whose  grid  and  plate 
circuits  are  enclosed  by  the  feed¬ 
back  network,  but  also  in  the  plate 
circuit  of  the  first  stage.  This 
permits  both  the  first  and  second 
stages  to  operate  with  a  high  value 
plate-load  resistor,  while  the  im¬ 
pedance  level,  and  therefore  the 
effects  of  stray  shunt  capacitances, 
are  kept  at  a  practical  minimum. 

The  reduction  of  the  plate-circuit 
impedance  level  of  the  first  stage 
may  be  shown  by  application  of 
the  principles  of  Thevenin’s  theo¬ 
rem  to  this  circuit.  This  theorem 
states  that,  with  respect  to  any 
single  external  circuit  connected  to 
any  given  pair  of  terminals  of  a 
netw’ork,  the  network  can  be  re¬ 
placed  by  a  single  branch  having 
an  impedance  which  is  equal  to  the 
actual  driving-point  impedance  of 
the  network  at  these  terminals  and 
contains  a  single  electromotive 
force  which  is  equal  to  the  open- 
circuit  potential  of  the  network 
across  the  given  pair  of  terminals. 

Equivalent  Circuits  for  Plate-Circuit 
Impedance  Level 

If  a  generator  is  connected  across 
the  output  terminals  of  a  vacuum- 
tube  amplifier,  with  the  input  sig¬ 
nal  to  the  amplifier  zero,  the  cur¬ 
rent  delivered  by  the  generator  will 
be  determined  by  the  output-imped¬ 
ance  level  of  the  amplifier.  Thus, 
if  a  generator  whose  output  poten¬ 
tial  is  c,  is  connected  to  the  plate 
of  F„  if  the  load  resistor  for  Vi 
is  removed  (since  it  does  not  enter 
into  this  discussion),  and  if  the 
input  to  this  stage  is  short-cir- 


ELECTRONICS  — Apr//  1944 


127 


Rt,  is  the  complete  load-circuit  net¬ 
work  resistance  for  the  second 
stage.  Rr  is  the  parallel  resistance 
of  and  Ru. 

Allewobl*  SimpliHeafioNs 

In  Fig.  3  is  shown  a  simplified 
equivalent  circuit  for  the  complete 
amplifier  of  Fig.  1.  This  equiva¬ 
lent  circuit  neglects  entirely  the 
loading  effect  of  the  grid  circuit 
of  the  second  stage  and  the  degen¬ 
eration  which  may  occur  in  the 
cathode  resistor  of  each  stage.  As 
will  be  shown  later,  grid-circuit 
loading  is  negligible  at  the  imped¬ 
ance  level  at  which  the  plate  cir¬ 
cuits  of  the  two  stages  operate.  In 
the  practical  amplifier  for  deflection 
of  the  electron  beam  of  a  cathode- 
ray  tube,  S3rmmetric  deflection 
always  is  used,  and  the  common 
cathode  load  of  push-pull  amplifiers 
eliminates  degeneration  in  the  ca¬ 
thode  circuit. 

Figure  3  may  be  further  simpli¬ 
fied  by  combining  the  internal  plate 
resistances  and  the  plate-load  re¬ 
sistors  as  shown  in  Fig.  4  so  that 

D.  _  _ 
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FIG.  5 — RMiitancc-copacity  coupled  deilection  ampliiier 


from  its  plate  characteristic,  /x»  is 
the  voltage  amplification  factor  of 
the  tube  and  is  the  transmission 
factor  of  the  feedback  network. 

Equations  (8)  and  (9),  while 
accurate,  are  merely  convenient 
forms  for  assigning  the  effects  of 
feedback  to  the  internal  plate  re¬ 
sistances  of  the  vacuum  tubes 
under  consideration.  This  proced¬ 
ure  is  useful,  for  it  is  more  diffi¬ 
cult  to  establish  mentally  a  physical 
concept  of  change  in  the  value  of  a 
fixed,  wirewound  plate-load  resistor 
than  it  is  to  imagine  a  variation 
in  r,  of  a  vacuum  tube.  Equations 
(8)  and  (9),  then,  represent  merely 
a  simple  means  for  visualizing  the 
change  which  has  been  effected  by 
the  use  of  negative  voltage  feed¬ 
back. 

Equivalent  Circuits  for  Output 
Impedance  Level 

The  end  point  of  the  work  is  the 
reduction  of  overall  plate-circuit 
terminal  impedance.  This  may  be 
determined  by  evaluating  the  shunt 
combination  of  r',  and  Rl,  where 
Rl  has  the  same  significance  as  it 
has  in  Eq.  (2).'  It  also  may  be 
determined  by  a  process  exactly 
similar  to  that  which  was  used  to 
develop  Eq.  (8)  and  (9)  but  includ¬ 
ing  Rt  also  in  the  plate-circuit  net¬ 
work.  Such  a  process  will  yield 
the  following  equations  for  Z'n  and 
Z'ttt,  the  terminal  impedances  of  the 
first  and  second  stages  respectively. 

^ "  R/  +  {\  +  A^')  fl, 


cuited,  the  equivalent  circuit  for 
the  first  stage  of  the  amplifier  may 
be  represented  as  shown  in  Fig.  2. 
The  generator  whose  output  poten¬ 
tial  is  —  represents  the  poten¬ 
tial  which  is  generated  in  the 
plate  circuit  of  the  second  stage  by 
the  application  of  the .  voltage  e, 
to  the  input  circuit  of  the  second 
stage.  Then,  by  the  application 
of  Kirchhoff’s  laws, 

t»  **  +  *4  (3) 

««  —  urn  *  0  (4) 

“  hR/  “  A'tff*  0  (5) 

Solving  simultaneously: 

.  _  (1  ~t~  A'n)  y-v 


rn  T  Kli 

By  the  use  of  Fig.  4,  the  voltage 
gain,  feedback-network  transmis¬ 
sion,  and  impedance  level  of  the 
amplifier  plate  circuits  may  be  cal¬ 
culated  in  the  following  manner: 

Applying  Kirchhoff's  laws  to 
Fig.  4 

ffiM  ”  Rrk  +  Rfi*  “  0  (12) 

ii  -  ii  +  i.  (13) 

U  *  i»  +  »*  (14) 

Solving  these  simultaneously, 

.  *«  (Rt  +  Rf)  +  ijRt 


Equation  (6)  is  an  expression 
for  the  current  which  would  be  de¬ 
livered  into  ah  impedance  r',i  by 
a  generator  which  delivers  a  poten¬ 
tial  e,.  Then, 


"  Rf  +  (1  -f-  A'h) 

The  quantity  r',,  may  be  termed 
the  effective  internal  plate  resist¬ 
ance  of  the  first  stage  under  the 
influence  of  negative  voltage  feed¬ 
back. 

In  a  manner  similar  to  the  fore¬ 
going,  it  can  be  shown  that  the 
internal  plate  resistance  r'^  of  the 
second  stage  with  negative  voltage 
feedback  is 


*  Ri  +  Rt  +  Rf 

and,  from  elementary  vacuum-tube 
theory. 


and  t6  =  —Umtei, 

where  and  g„,  are  the  grid- 
plate  transconductances  of  the  first 
and  second  stages  respectively, 
is  the  grid-signal  potential  for  the 
first  stage,  and  is  the  grid-signal 
potential  for  the  second  stage,  or 
the  potential  from  point  A  to 
ground  in  Fig.  4. 


where  is  the  internal  plate  re¬ 
sistance  of  the  tube  as  determined 
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From  Eq.  (15),  (18)  and  (19) 


[  fi  ”  »i  A 

—t^§iRi  {Rt  +  R/)  —9ma0iRiRt 
fti  +  ftj  +  Rf 

or  il  '*1  “  ” 

—qmRi  {Rt  ~F  R/) 


tnd 

i'l  -  - 


Ri  +  iJ»  +  fl/ 
9mtRl  {Rt  +  Rf) 


(20) 


(21) 


(22) 


{Rl  +  iZt  +  Rf)  +  ffmoRlRt 
where  A\i  is  the  Voltage  gain  of  the 
first  stage  with  feedback.  That  is, 
the  reduction  in  voltage  across  fJ, 
which  is  caused  by  feedback  volt¬ 
age  arriving  from  the  second  stage 
is  arbitrarily  assigned  to  the  first 
stage  in  this  analysis.  This  arbi¬ 
trary  concept  is  a  useful  approach 
to  practical  expressions  for  the 
haracteristics  of  this  amplifier. 

Similarly,  the  output  potential 
f  the  second  stage,  from  Eq.  (16), 


ti/2] 

—HwofiiRi  {Rl  -F  Rf)  ~  gmif$\RiRt 
/?,  -f  -h  Rf 

ind  th  evoltage  gain  of  the 
ntire  amplifier  with  feedback  then 

becomes 


4',.  -  ^ 

e»i 

—gm»A.\iRt  (Rt  +  Rf)  —  ffmiRiRi 


(24) 


Ri  +  R,  +  Rf 
The  voltage  gain  A'„  of  the  sec- 
nd  stage  then  is 

A'- 


A'-  - 


(25) 


This  equation  expresses  the  gain 
f  the  circuit  between  point  A  of 
Fig.  4  and  the  output  terminals, 
nd  is  a  true  expression  for  the 
ain  of  the  second  stage  either 
>ith  or  without  feedback,  since  all 
iirtiri  reduction  due  to  feedback  has 
en  arbitrarily  assigned  to  the 
irst  stage. 

Equivalent  Lead  Impadancas 

The  load  R„  into  which  the  plate 
I  of  the  first  stage  feeds  may  be 
Vtmined  by  reference  to  Fig.  3, 
I  from  which  it  is  apparent  that 

D  _  Rt  (R*  +  Rf) 

«r+ B. + B, 

The  load  into  which  the  second 
feeds: 


Rm 


(27] 


Rt  (Rt  d-  Rf) 

Rl  +  Rt  Rf 
The  values  of  and  R„  givei 
Eq.  (26)  and  (27)  represen 
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the  load  impedances  seen  by  the 
plates  of  the  first  and  second 
stages,  respectively.  They  are  the 
resistances  which  would  determine 
the  load  line  superposed  on  the 
plate  characteristic  family  of  the 
tube  to  define  the  operating  con¬ 
ditions  of  the  tube.  They  may  be 
considered  to  represent,  also,  the 
plate  load  of  a  fictitious  amplifier, 
similar  to  the  amplifier  of  Fig.  1  in 
every  respect,  but  without  negative 
feedback. 


Ontpat  Impadanca  Laval 

For  any  vacuum-tube  amplifier, 
the  load-circuit  impedance  level  Zo 
may  be  shown  to  be 

(S8) 

where  Zt  is  the  impedance  of  the 
load  circuit  and  r,  is  the  internal 
plate  resistance  of  the  vacuum  tube. 
In  the  case  of  the  amplifier  of  Fig. 
1,  therefore,  if  there  were  no  feed¬ 
back  present  in  the  circuit,  the 
load-circuit  impedance  level  of  the 
first  stage  would  be 


Zm. 


Rot 

+  Rvt 


(29) 


and  the  load-circuit  impedance  level 
for  the  second  stage  would  be 


When  negative  voltage  feedback 
is  added  to  these  stages,  the  load- 
circuit  impedance  levels  become, 
from  Eq.  (8),  (9)  and  (28), 


and. 


Z’m 


t'  1>  Rtt 
'f»i  +  Rn 


Z'm 


f'  Rm 


(31) 

(32) 


If  preferred,  Eq.  (8a)  and  (9a) 
may  be  used  to  determine  the 
values  of  Z'm  and  ZV  This  would 
eliminate  the  need  for  evaluating 
Eq.  (8),  (9)  and  (26). 

Dotlg*  CauidarafioBs 

Equations  (29)  and  (30)  have 
little  practical  value,  except  for  pur¬ 
poses  of  comparison,  because  the 
value  of  Rn  is  based  upon  the  re¬ 
sistive  coupling  between  the  plate 
circuits  of  the  first  and  second 
stages;  and  the  value  of  Roi  bears 
the  same  relation  to  the  plate  cir¬ 
cuit  of  the  first  stage.  Equations 
(29)  and  (30)  do,  however,  indi¬ 
cate  the  output  impedance  level  of 
fictitious  amplifiers  with  loads  of 
Rn  and  Rn  respectively,  and  they 
are  therefore  useful  for  comparison 
with  the  values  of  Z'n  and  Z'«, 
to  show  the  reduction  in  dynamic 
impedance  level  which  has  been 
obtained  through  the  use  of  nega¬ 
tive  voltage  feedback,  Z'n  and  Z'„ 
do,  therefore,  through  their  de¬ 
pendence  upon  Rn  and  Rn,  refiect 
a  less  favorable  and  more  accurate 
representation  of  the  reduction  in 
terminal  impedance  which  is  ef¬ 
fected  by  negative  voltage  feedback 
than  if  only  the  internal  plate  re¬ 
sistance  and  the  individual  load 
resistance  of  each  separate  stage 
were  considered.  In  other  words, 
the  circuit  of  Fig.  1  does  impose 
slight  additional  plate-circuit  load¬ 
ing  on  each  stage,  over  and  above 
the  normal  loading  which  is  pres¬ 
ent  in  the  absence  of  a  feedback 
circuit  of  this  type. 

Evaluation  of  Eq.  (31)  and  (32), 
as  is  performed  for  two  practical 


FIG.  6 — Diract-coupled  deflection  amplifier 
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amplifiers  later  in  this  paper,  will 
yield  values  which  justify  neglect¬ 
ing  interelectrode  capacitances  in 
this  analysis  of  the  circuit.  And 
these  low  values  of  output-imped¬ 
ance  level  show  the  usefulness  of 
negative  voltage  feedback  in  re¬ 
ducing  the  deleterious  effects  of 
stray  circuit  capacitance  on  the 
response  -  vs.  -  frequency  character¬ 
istic  of  an  amplifier. 

In  order  to  evaluate  the  foregoing 
expressions,  the  transmission 
factor  p  of  the  feedback  network 
must  be  evaluated.  From  Fig.  4 


ei 


QmX  8fl 


ei  Ri 

R/  +  R\ 


(33) 


Also,  from  the  general  feedback 
equations 


Rl  9ml 
1  —  A'p*  /3 


(34) 


Solving  (33)  for 


Rf  + 

Rl  gwi  g>i 


1  + 


A'rt  Rl 


(36( 


R/  + 

and,  by  comparison*  of  (35)  with 
(34) 

Rl 


-  - 


R/  -I-  Rl 


(36) 


The  product  Arj3,  which  is 
termed  the  feedback  factor,  is  as¬ 
sumed  to  be  positive  if  the  sum 
of  the  applied  potential  and  the 
feedback  potential  is  larger  than 
the  applied  potential.  In  the  case 
of  negative  feedback,  therefore,  this 
product  is  negative,  and  the  nega¬ 
tive  sign  is  assigned  arbitrarily 
to  the  transmission  factor  /3  of 
the  feedback  network. 

The  foregoing  theoretical  devel¬ 
opment  of  the  operation  of  the 
circuit  of  Fig.  1  arranges  in  un¬ 
desirable  order  those  expressions 
which  are  of  interest  in  the  design 
of  such  an  amplifier,  for  many  of 
them  are  interdependent.  They 
could,  however,  readily  be  arranged 
in  a  more  convenient  order  for  cal¬ 
culation.  It  should  be  borne  in  mind 
in  applying  such  expressions  that 
they  are  given  for  an  unbalanced 
amplifier.  In  their  application  to 
push-pull  amplifiers  it  should  be 
noted  that  this  difference  should 
be  considered.  For  example,  the 
plate-to-plate  output  impedance 
for  a  push-pull  amplifier  of  this 
type  will  be  twice  the  value  obtained 
from  equations  (30)  and  (32). 


The  value  of  the  transmission 
factor  of  the  feedback  network 
will,  of  course,  remain  unchanged. 

Practical  Circaits 

In  Fig.  5  and  6  are  shown  two 
schematic  circuits  of  practical  de¬ 
flection  amplifiers  for  cathode-ray 
tubes  which  utilize  the  principles 
discussed  herein. 

Figure  5  shows  a  capacity-coup¬ 
led  amplifier  designed  to  deflect  a 
Type  5LP5  cathode-ray  tube.  The 
tube  was  operated  at  a  second-anode 
potential  of  1100  v’and  a  third- 
anode  potential  of  2000  v.  The 
amplifier  will  produce  symmetrical 
deflection  of  the  cathode-ray  with 
either  balanced  or  unbalanced  input 
signals.  For  this  amplifier,  the 
significant  design  quantities  have 
the  following  values: 

All  —  200  i7iiii  •»  4x(10)~*  mho  fpi  -•  50,000 
Ait  *  120  ffm!  “  6x(10)“*  mho  *=  20,000 
«i.i-  6000  3000  25,000 

The  calculated  characteristics  of 
this  amplifier  are: 


Rl  «=  4,540 

r'rt 

->  KMO 

Rt  =  2,610 

R«i 

=  3910 

A'.i  -  -4.85 

Rn 

=  2400 

A'h  -  -1-68.4 

Z'm 

=  1145 

A'„  -  -14.1 

=  725 

ripi  ■«  1602  ohms 

Zfn 

-  3630 

fi  »  -0.1527 

Za 

=  2140 

All  of  the  foregoing  quantities  are 
calculated  for  one  phase  of  the 
amplifier,  and  voltage  gains  are 
referred  to  unbalanced  input  and 
unbalanced  output.  . 

No  attempt  has  been  made  to 
evaluate  i?oi  with  load-circuit  capa¬ 
citance  considered.  Inasmuch  as 
the  design  was  approached  as  an 
attempt  to  render  the  stray  capaci¬ 
tance  as  ineffective  as  possible,  the 
impedance  level  of  the  output  cir¬ 
cuit  has  been  reduced  by  approxi¬ 
mately  80  percent. 

Application 

In  Fig.  6  is  shown  a  direct- 
coupled  amplifier  which  was  de¬ 
signed  for  deflection  of  a  Type 
5JP5  cathode-ray  tube  operating  at 
a  second-anode  potential  of  2000  v 
and  a  third-anode  potential  of  3000 
V.  The  amplifier  has  deflection- 
voltage  capacity  considerably 
greater  than  that  required  for  de¬ 
flection  of  this  tube  by  normal 
standards.  An  attempt  was  made, 
however,  to  limit  operation  to  the 
use  of  only  a  small  part  of  the  essen¬ 
tially  linear  portion  of  the  plate 
characteristic  of  the  amplifier,  in 


an  effort  to  reduce  amplitude  dis¬ 
tortion  to  a  minimum. 

Tubes  Vi  and  F,  are  cathode-fol. 
lower  stages,  provided  to  increase 
the  input  impedance  of  the  ampli. 
fier.  Tubes  V,  and  F«  comprise  the 
first  amplifier  stage  of  the  assem. 
bly.  Tubes  V,  and  V,  are  the  main 
elements  of  a  constant-current 
direct-coupling  network  employed 
to  reduce  the  average  level  of  the 
signal  potential  appearing  on  the 
plates  of  V,  and  V«  to  a  level  suit¬ 
able  for  the.  grids  of  F,  and 
while  maintaining  uniform  re¬ 
sponse  to  signals  of  zero  frequency.' 
Tubes  Ft  and  F,  constitute  the 
feedback-controlled  output  stage  ol 
the  amplifier  unit.  The  differenti¬ 
ally  connected  feedback  circuit  be¬ 
tween  the  screens  of  F,  and  F,  and 
the  plate  circuits  of  F,  and  V,  is 
provided  to  stabilize  the  amplifier 
against  long-time  drifts  and  differ¬ 
ences  which  occur  in  the  input 
tubes.  The  resistance  of  the  plate 
loads  in  these  two  tubes  is  too 
small  to  affect  seriously  their  oper¬ 
ation  as  cathode  followers.  The 
feedback  circuit,  which  is  effective 
in  reducing  the  impedance  levd 
of  the  output  circuit,  is  provided 
by  the  connection  between  the 
plates  of  V,  and  Ft  and  between 
F,  and  F^ 

For  the  amplifier  of  Fig.  6  the 
significant  design  quantities  are: 
Ail  »■  360  Qmi  -•9x(10)~*  mho  r,i  =  40,000 
#1*  =  63  Omt  *5x(10)“*  mhofrt  “  12,600 
R«  =  20,000  Rl,’-  10,000  R,  =  25,000 
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The  calculated  quantities  are: 


Rl 

R* 

A'„ 

A',0 

fi 

r',1 


13,300 

rpt 

-  550 

5,570 

Rm 

*  11,200 

-9.05 

Rn 

Z'n 

-  7,220 

-1-205 

-  916 

-22.6 

Z'« 

-  510 

-0.348 

Zn 

-  8750 

1030 

Ztt 

-  4580 

All  of  the  foregoing  quantities  are 
calculated  for  only  one  phase  of  the 
amplifier,  and  voltage  gains  are  re¬ 
ferred  to  unbalanced  input 
unbalanced  output. 

No  attempt  was  made  to  evaluate 
Rot  with  load  circuit  capacitance 
considered.  The  design  was  ap¬ 
proached  as  an  attempt  to  render 
the  stray  capacitance  as  ineffective 
as  possible,  and  the  impedance  level 
of  the  output  circuit  has  been  re¬ 
duced  by  approximately  90  percent 


Application 

Measurements  of  Z'oi  and  Z'«  on 
the  circuit  of  Fig.  6  indicate  close 
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ie  dis-Bcorrespondence  to  the  values  given 
l)iere.  Although  a  considerable 
)de-fol.B8acrifice  of  voltage  gain  has  been 
icreaseBmade  in  the  second  stage,  it  is  be- 
ampli-llieved  that  this  is  amply  justified 
>ise  the  I  by  ^  reduction  in  output  impedance 
assem-Bfrom  approximately  4600  to  500 
e  mainlohms.  Used  with  a  Type  5JP5 
ncathode-ray  tube,  this  circuit  has 
produced  uniform  spot  deflection, 
as  a  function  of  frequency,  from 
zero  to  1.5  Me.  While  this  high- 
frequency  limit  of  response  seems 
rather  low,  it  was  adequate  for  the 
purpose  at  hand  and  was  not  in¬ 
vestigated  further.  The  character¬ 
istics  of  the  circuit  seem  to  indi¬ 
cate,  however,  that  a  considerably 
better  figure  for  the  high-fre¬ 
quency  response  limit  should  be 
obtained,  on  the  basis  of  experi¬ 
ence;  and  it  is  believed  that  the 
mechanical  arrangement  of  the  am- 


tial  swing,  exceeding  the  plate-dis-  Cook,  of  the  Electronics  Section  of 
sipation  rating  of  the  tube,  or  else  the  Taylor  Model  Basin,  in  the 
sacrificing  voltage  gain  even  more  development  of  a  general-purpose 
by  a  reduction  of  screen  iwtential.  amplifier. 


Fertber  Redection  of  Impodance  Level 

It  has  been  shown  by  Mayer*  that 
the  output  impedance  level  of  an 
amplifier  can  be  reduced  to  zero, 
and  the  loss  of  gain  through  feed¬ 
back  considerably  reduced  by  the 
proper  combination  of  positive  cur¬ 
rent  feedback  and  negative  voltage 
feedback.  This  should  present  some 
interesting  possibilities  for  modes 
of  attack  upon  the  general  problem 
of  high-fidelity  amplification. 

While  it  is  not  necessarily  true 
that  the  adjustment  of  a  circuit 
for  minimum  output  impedance 
level  coincides  exactly  with  the 
optimum  feedback  compromise  for 
stabilization  of  the  gain  of  an 


Appendix 

The  Effect  of  Negative  Voltage 
Feedback  Upon  the  Output-Imped¬ 
ance  Level  of  an  Amplifier.  Con¬ 
sider  the  case  of  a  negative  feed¬ 
back  amplifier  in  which  a  certain 
fraction  of  its  output  potential  is 
fed  back  to  its  input  circuit.  Such 
an  amplifier  is  shown  in  Fig.  7. 
If,  across  the  output  of  this  ampli¬ 
fier,  the  load  circuit  is  replaced 
by  a  generator  of  output  potential 
E,  as  shown  in  Fig.  8,  and  if  the 
input  circuit  is  short-circuited,  the 
current  /  delivered  by  the  gener¬ 
ator  will  be 

,  E  —  nP  E 


FIG.  7 — Generic  voltage-feedback  amplifier 


FIG.  8 — Equivalent  circuit  of  the  amplifier  of  Fig.  7 


plifier  used  for  the  tests  of  the 
circuit  could  be  redesigned  con¬ 
siderably  to  achieve  improved  high- 
frequency  response  with  no  change 
in  electrical  characteristics. 

The  particular  value  of  which 
T'as  employed  for  the  amplifier  of 
Fig.  6  results  merely  from  the 
hoice  of  a  convenient  value  for 
he  resistor  Rf.  Experiments  indi¬ 
cted,  however,  that  attempts  to 
rease  the  feedback  materially  be¬ 
hind  this  value,  in  an  effort  to 
htain  even  greater  decrease  of  Z'o*, 
a  ised  to  decrease  so  rapidly 
^  to  question  the  value  of  any  fur- 
her  decrease  in  output  impedance. 
Examination  of  the  average  plate 
harar'eristics  of  the  Type  807 
ibe  indicates  that,  in  an  amplifier 
iiauit  without  feedback,  it  is  im- 
''>sit  le  to  achieve  the  output  im- 
edaiice  level  of  the  circuit  of  Fig. 
without  sacrificing  output-poten- 
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amplifier,  nevertheless  the  problem 
of  gain  stability  is  very  real  with 
the  circuit  of  Fig.  6,  as  it  is  in  all 
direct-coupled  amplifiers.  Although 
a  good  measure  of  gain  stabiliza¬ 
tion  is  inherent  in  this  amplifier, 
through  its  direct-coupling  circuit, 
this  form  of  the  circuit  does  not 
entirely  exploit  that  possibility,  and 
the  additional  stabilization  of  gain 
obtained  with  negative  feedback 
was  valuable  in  making  the  circuit 
absolutely  reliable. 

The  advice  of  Mr.  W.  F.  Curtis 
of  the  Structural  Mechanics  Sec¬ 
tion  of  the  David  Taylor  Model 
Basin,  particularly  on  the  analysis 
of  the  circuit,  is  greatly  appreci¬ 
ated.  Various  members  of  the  staff 
of  the  Taylor  Model  Basin  have 
examined  the  report  and  have  made 
valuable  suggestions.  The  circuit 
of  Fig.  5  is  an  adaptation  of  a 
circuit  first  used  bv  Mr.  Geo.  W. 


where  —p^E  is  the  potential  re¬ 
sulting  in  the  plate  circuit  from 
the  potential  fed  to  the  input  from 
the  output,  )8  is  the  transmission 
factor  of  the  feedback  network 
(negative  in  the  case  of  negative 
feedback),  and  p.  is  the  voltage- 
amplification  factor  of  the  vacuum 
tube.  Then  the  impedance  Z'  seen 
by  the  generator  will  be 

r  -  I  ^ 

E  -  ^  E  1  - 

This  is  the  dynamic  value,  with 
feedback,  of  the  internal  plate  re¬ 
sistance  of  the  vacuum  tube.  It 
is  interesting  to  note  from  Equa¬ 
tion  (37)  that  the  internal  plate 
resistance  of  an  amplifier,  under 
the  influence  of  negative  voltage 
feedback,  is  reduced  by  the  factor 
1/(1  —  jti^),  while  the  voltage  am¬ 
plification  A,  of  the  same  amplifier 
(without  feedback)  is  reduced  by 
(Continued  on  page  2.54) 
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The  german  vhf  com¬ 
mand  SET,  model  FUG-16, 
operates  in  the  38-42-Mc  band. 
Figures  1  and  2  illustrate  general 
construction. 

This  equipment  is  voice-operated 
and  consists  of  a  transmitter  and 
receiver,  fastened  together  by 
means  of  bolts.  The  whole  unit 
is  placed  in  a  shock-proof  mount¬ 
ing  and  is  approximately  15  in. 
long,  9  in.  high  and  10  in.  in  depth, 
not  counting  a  control  box  which 
can  be  located  at  a  remote  position. 
The  assembly  weighs  60  lb. 

The  complete  unit  is  mounted  in 
the  operating  position  on  hooks 
and  is  locked  in  place  by  means 
of  two  special  screws  located  at  the 
front  of  the  panel.  Plugs  and  jacks 
automatically  make  all  necessary 
connections  at  the  rear.  They  con¬ 
sist  of  brass  pins  which  engage 
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beryllium  copper  contacts  tightly. 

The  unit  has  a  power  drain  of 
400  watts  and  gives  an  r-f  output 
of  approximately  10  to  13  watts 
with  input  voltage  variations  from 
24  to  28  volts  d.c.  Filaments  are 
normally  kept  running  during 
stand-by  periods. 

Transmitter  Performaae* 

Power  output  of  the  transmitter 
is  normally  12.9  watts,  which  rep¬ 
resents  an  overall  efficiency  of  3.25 
percent.  This  is  considered  very 
low.  Considering  size  and  weight, 
the  overall  efficiency  should  be 
greater,  say  10  to  12  percent. 
Power  output  varies  from  8  to 


13  watts  with  an  antenna  having 
resistance  of  20  to  100  ohms  and 
25  to  20  fifd  capacitance.  The  opti¬ 
mum  resistance  and  capacitance  for 
maximum  output  appears  to  be  56 
ohms  and  23  (ifif.  Values  of  power 
output  given  here  are  for  100  per¬ 
cent  modulation  at  400  cycles. 

The  transmitter  r-f  tube  lineup 
includes  two  type  RL-12P-35  tubes 
in  an  ordinary  self-excited  oscil¬ 
lator  and  power-amplifier  circuit. 
The  tubes  are  pentodes  capable  of 
handling  approximately  35  watU 
plate  dissipation.  The  master  os¬ 
cillator  and  power  amplifier  tuning 
is  ganged  to  one  control. 

Power  is  obtained  from  a  dyna- 
motor. 

Two  throat  microphones  are  in¬ 
cluded  as  an  integral  part  of  a 
helmet  which  also  contains  ear¬ 
phones.  Connections  for  earphones 
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A  detailed  description  of  the  FUG-16,  a  transmitter-receiver  unit  operating  in  the  3842 
Me  hand.  Believed  to  be  of  1935  design,  the  equipment  lends  itself  to  use  on  shipboard, 
in  tanks  and  other  motorized  vehicles,  as  well  as  in  aircraft 


FIG.  1. — Model  FUG-16  Thf  transmitter-receiver,  with  companion  dynomotor 
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FIG.  2 — Open  riewi  of  the  equipment,  ehow'ng  interaal  construction 


COMMAND  SET 


and  mikes  is  through  a  small  pull- 
The  transmitter 


quency  band,  the  percentage  fre-  10  milliwatts  output,  is  approxi- 
quency  change  with  temperature  mately  4  /xv.  The  signal-to-noise 
change  varies  up  to  0.075  percent,  ratio  is  5. 

which  clearly  indicates  that  no  pro-  The  bandwidth  is  80  kc,  10,000 
vision  was  made  for  temperature  times  dowm  for  standard  output  of 
compensation.  10  mw.  The  receiver  will  block  at 

The  frequency  change  with  hu-  an  output  of  27  mw. 
midity  is  different  in  different  parts  The  i-f  selectivity  is  47  kc  at  20 
of  the  band,  but  the  average  over'  db,  73  kc  at  40  db,  and  103  kc 
the  band  is  approximate  0.035  per-  at  60  db. 

cent.  The  overall  fidelity  varies  ±  6 

db  from  120  to  4,000  cps. 

Receiver  Characteristic.  distortion,  with  a  30 

The  receiver  incorporates  a  con-  percent-modulated  signal,  is  5  per- 
ventional  superheterodyne  circuit,  cent  at  6000  cps  and  up  to  23 
consisting  of  one  r-f  amplifier,  first  percent  at  400  cps,  with  standard 
detector,  beat  oscillator,  three  output  of  10  milliwatts.  The  re- 
stages  of  i-f  amplification,  second  ceiver  distortion  varies  with  varia- 
detector  with  avc  and  one  stage  of  tion  of  percentage  modulation  from 
audio.  The  audio  output  is  ap-  4  percent  to  40  percent  and  audio 
proximately  115  ma,  which  is  suf-  output  varies  from  2  to  54  mw. 
ficient  to  operate  two  head-sets.  Image  rejection  is  relatively  poor. 
The  tubes  used  are  identical  in  as  only  800  microvolts  at  the  image 
all  stages.  The  RV-12P-2000  min-  frequency  will  give  standard  output 
iature,  externally-shielded  type,  is  (measurements  taken  at  8  /iv  in- 
employed  throughout  The  Ger-  put) ;  this  gives  a  ratio  of  about 
mans  apparently  use  this  tube  in  100:1.  This  condition  has  been 
many  units  operating  from  300  studied  and  the  conclusion  drawn 
kc  to  42,000  kc.  is  that  trouble  is  caused  by  the 

Receiver  sensitivity,  with  a  30  method  of  coupling  the  oscillator  to 
.  percent-modulated  input  signal  and  the  first  detector.  The  plate  of 


apart  cord  plug, 
can  be  grid-modulated  up  to  100 
percent.  A  two-stage  speech  am¬ 
plifier-modulator  is  used  and  the 
two  tubes  in  this  amplifier-modu¬ 
lator  are  the  same  type  as  those 
used  throughout  the  receiver. 

The  audio  fidelity  to  the  trans¬ 
mitter  varies  about  6  db  over  a 
range  of  200  to  6000  cps,  which 
is  satisfactory  for  voice  transmis¬ 
sion.  Under  test,  the  transmitter 
was  modulated  65  percent  by  a 
2400-cps  audio  signal. 

Frequency  stability  of  the  trans¬ 
mitter,  with  changes  in  supply- 
battery  voltage,  is  0.0045  percent 
per  volt.  Power  output  changes 
0.8  percent  per  volt  between  23 
and  28  volts. 

The  frequency  variation  of  the 
transmitter  over  a  temperature 
range  of  -f50  deg  to  —30  deg  is 
0.04  percent.  At  temperatures 
above  40  deg  C.,  the  power  output 
falls  off  considerably.  The  equip¬ 
ment  was  not  designed,  obviously, 
to  meet  conditions  of  high  tem¬ 
perature  and  high  humidity. 

At  different  parts  of  the  fre- 
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TRONICS 


Permanent  Magnet 

Measurements 


The  concluding  article  of  a  series  on  permanent  magnets,  giving  procedures  for  using  the 
ballistic  galvanometer,  fluxmeter,  magnetometer  and  permeameter  to  determine  if  sample 
magnets  confirm  the  accuracy  of  design  calculations  and  produce  the  required  results 


By  EARL  M.  UNDERHILL 

Chief  Enffineer 
Cinauaagraph  Corp. 

8tam]ord,  Conn. 

• 

PREVIOUS  ARTICLES  of  this  series 
discussed  the  fundamental 
principles  of  permanent  magnet 
design  and  developed  the  funda¬ 
mental  design  equations.  Follow¬ 
ing  this,  minor  hysteresis  loops 
and  magnet  stabilization  were  con¬ 
sidered,  along  with  the  principles 
involved  in  designing  a  magnet 
subject  to  a  demagnetizing  in¬ 
fluence  other  than  that  exerted  by 
the  working  gap.  Finally,  rules  of 
good  mechanical  design  of  perma¬ 
nent  magnets  were  taken  up  inso¬ 
far  as  they  apply  to  the  various 
grades  of  Alnico. 

From  the  information  contained 
in  these  articles,  an  engineer — even 
one  who  has  had  no  previous  ex¬ 
perience  with  the  subject — should 
be  able  to  design  a  permanent 


[nc.  3 — Esiantial  feature*  of  ballistic 
qawanometer  used  for  magnetic  meas¬ 
urements 
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FIG.  1  (left) — Cross-section  of  single-layer  search  coil 

FIG.  2  (right) — Circuit  for  measuring  the  NA  product  of  a  multi-layer  search  coil 


magnet  to  do  a  given  job.  He 
should  be  able  to  start  from  the 
basic  requirements  of  a  certain 
field  strength  in  a  certain  gap,  pro¬ 
ceed  through  the  calculations  for 
magnet  size,  and  emerge  with  a 
blueprint  (complete  with  all  toler¬ 
ances)  of  the  correct  magnet  for 
the  job. 

From  here  the  magnet  manufac¬ 
turer  is  well  able  to  carry  on,  and 
the  designer  finds  himself  with 
nothing  further  to  worry  about  un¬ 
til  the  time  he  receives  his  first 
sample  magnets.  At  this  time  he  is 
confronted  with  the  problem  of  de¬ 
termining  by  actual  test  whether 
or  not  his  design  calculations  were 
correct  and  whether  or  not  the  mag¬ 
nets  he  has  in  his  possession  are 
really  the  magnets  for  the  job.  He 
is  thus  introduced  to  the  very  im¬ 
portant  and  very  fascinating  sub¬ 
ject  of  magnetic  measurements. 

The  purpose  of  the  present  article 
is  to  present  this  subject  as  com¬ 
pletely  as  space  will  permit.  As  in 
the  previous  articles  of  this  series, 
the  assumption  throughout  will  be 


that  the  reader  is  a  competent  engi¬ 
neer  but  that  he  is  entirely  un¬ 
familiar  with  the  tools  of  mag¬ 
netics.  Consequently,  the  discus¬ 
sion  of  magnetic  instruments  and 
methods  of  measurement  will  be 
confined  to  those  which  an  engineer 
working  with  permanent  magnets 
will  find  most  useful.  These  will 
be  presented  in  their  order  of  basic 
importance. 

Eliminated  entirely  from  the  dis¬ 
cussion  will  be  instruments  of  pri¬ 
mary  importance  to  the  magnet 
manufacturer  rather  than  the  mag¬ 
net  user,  such  as  permeameters, 
and  methods  of  measurement  of 
primary  importance  to  the  research 
engineer  or  physicist  rather  than 
the  design  engineer,  such  as 
methods  of  establishing  the  NA 
value  of  a  primary  search  coil.  (A 
method  of  establishing  the  NA 
value  of  a  secondary  search  coil  will 
be  presented,  however,  as  this  is  of 
great  practical  importance  to  an 
engineer  engaged  in  magnetic 
measurements  work.) 

Almost  all  magnetic  measure- 
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the  r-f  stage  is  very  loosely  coup-  are  set  up  separately  on  the  re-  quired  for  the  construction  of  thej 
led  to  the  oscillator  through  a  ceiver  and  on  the  transmitter.  chassis.  It  is  noticed  that  no  lac- 
pickup  coil,  and  is  capacitively  Excessive  distortion  was  ob-  quer  or  paint  is  used  on  soldered 
coupled  to  the  detector.  ?  This  served  due  to  frequency  modulation,  joints.  Not  a  single  lock  washer 
method  of  coupling  is  simple  and  The  transmitter  was  subjected  to  is  used  on  the  entire  equipment 
provides  sensitivity  at  the  expense  microphonics.  Further  examination  No  corrosion  was  noticed  on  any 
of  image  rejection.  disclosed  that  the  design  of  the  of  the  joints. 

The  fact  that  the  receiver  has  tubes  was  such  as  to  produce  micro-  Component  standardization, 
relatively  poor  image  rejection  does  phonic  tendencies.  which  minimizes  the  number  of 

not  materially  detract  from  its  use-  values  of  resistors  and  capacitors 

fulness  as  the  image  is  2  times  Meehanical  Dvtign  needed,  in  many  cases  has  produced 

3174,  or  G349  kc,  below  the  incom-  The  mechanical  design  and  lay-  loss  of  efficiency.  However,  the 
ing  signal.  This  is  out  of  the  out  of  the  complete  equipment  was  Germans  have  grouped  resistors  in 
frequency  range  used.  very  well  executed. '  Wherever  pos-  series  and  parallel  so  that  nearly 

The  i-f  rejection  ratio  is  well  sible,  everything  has  been  stand-  correct  values  are  obtained  for 
over  50,000.  ardized,  such  as  one  type  of  knob,  critical  circuits.  Tests  show  that, 

Frequency  variation  with  change  one  type  of  tuning  control,  the  by  using  a  correct  value  resistor 
of  temperature  per  degree  Centi-  use  of  standard  die  castings  (which  or  a  different  type  tube,  the  per- 
grade  averages  0.001  percent,  are  practically  identical  with  those  formance  of  this  equipment  can  be 
which  is  considered  excellent  Fre-  of  the  FUG-10  equipment),  one  increased  by  over  300  percent 
quency  variation  with  humidity  is  type  receiver  tube,  6  types  of  re-  A  single  meter  is  used  and  merely 
0.09  percent,  which  is  considered  sistors,  4  types  of  capacitors,  and  reads  antenna  current,  which  is  an 
very  poor.  only  one  transmitting  tube  type,  adequate  indication  of  the  overall 

At  temperatures  above  55  deg  The  equipment  lends  itself  to  operation  of  the  transmitter. 

C  and  below  20  deg  C,  the  antenna  extreme  ease  of  operation,  servic-  Servicing*  this  equipment  is  a 

relay  failed  completely  to '  operate  ing  and  removal  of  parts.  It  also  fairly  simple  and  routine  job,  with 
during  tests.  lends  itself  to  mass  production  and  very  little  training  required.  In 

The  equipment  contains  the  same  interchangeability  of  parts  or  units,  the  field,  replacements  can  be  made 
feature  of  four  operational  spot  The  use  of  diecast  frames  through-  with  only  a  few  tools.  Checking 

frequencies  as  the  FUG-10  equip-  out  (except  for  shields)  presents  a  and  testing  can  be  accomplished 

ment,  described  in  Electronics  very  favorable  appearance  as  little  while  the  gear  is  in  place  in  an 
last  month.  The  spot  frequencies  or  no  machine  operations  are  re-  (Continued  on  page  300) 
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FIG.  3 — Circuit  diogrom  of  the  FUG-16  transmitter 
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vanometer  pointer  displacement  is 
tero.  (During  the  withdrawal  the 
pointer  may  swing  off  zero  but  if 
it  swings  back  to  zero  upon  com¬ 
pletion  of  the  withdrawal,  the  po¬ 
tentiometer  may  be  assumed  to  be 
in  balance.)  At  balance, 

{SA)i  fit  +  fi 
(ATA).  *  ft 

From  this  the  NA  value  of  the  un¬ 
known  coil  is  obtained. 

The  potentiometer  in  Fig.  2  may 
be  of  the  slide  wire  type,  and  J?,  and 
R,  measured  by  means  of  a  Wheat¬ 
stone  bridge  after  balance  is  ob¬ 
tained.  It  is  more  convenient,  how¬ 
ever,  to  use  a  pair  of  decade  boxes 
for  this  purpose,  and  read  the 
values  of  ft  and  R,  directly  off  the 
dials  of  the  boxes.  The  values  of 
r,  and  r,  are  the  simple  d-c  resist¬ 
ances  of  coils  1  and  2. 

The  standard  coil  of  known  NA 
value  may  be  a  single-layer  coil  the 
NA  of  which  had  been  computed  by 
means  of  Eq.  (2)  and  (3),  or  it 
may  be  a  single-layer  or  multi-layer 
coil  the  NA  value  of  which  has 
been  certified  by  the  National  Bu¬ 
reau  of  Standards  or  some  other 
competent  laboratory.  To  obtain 
balance,  coils  1  and  2  must  be  con¬ 
nected  so  their  instantaneous  volt¬ 
ages  have  the  relation  shown  by 
the  arrows  of  Fig.  2. 

lallistic  Galvaaomatar 

Perhaps  the  most  universally 
used  instrument  for  primary  mag¬ 
netic  measurements  is  the  ballistic 
galvanometer.  This  is  an  extremely 
accurate  instrument  (under  proper 
conditions,  accuracies  of  the  order 
of  0.1  percent  may  be  realized) 
identical  in  construction  to  an  or¬ 
dinary  galvanometer  except  that  it 
has  a  very  high  natural  period, 
usually  25  to  30  seconds  or  more. 

The  essential  parts  of  a  ballistic 
galvanometer  are  shown  in  Fig.  3. 
Current  is  conducted  in  and  out  of 
the  moving  coil  by  means  of  the  up¬ 
per  and  lower  suspensions.  As  or¬ 
dinarily  used,  a  search  coil,  con¬ 
nected  to  the  suspensions,  is 
withdrawn  from  the  field  under 
test.  A  beam  of  light,  focused  on 
the  galvanometer  mirror,  indicates 
the  deflection  of  the  moving  coil  on 
a  scale  located  at  a  distance  from 
the  galvanometer.  By  calibration, 
the  maximum  deflection  is  then  in¬ 
terpreted  in  turn  into  interlink¬ 
ages,  flux  lines,  and  flux  density. 


The  ballistic  galvanometer  reads 
total  current,  Q,  or  interlinkages, 
(Proof  of  this  is  given  in  the 
Appendix). 

Now,  let  us  investigate  the  ac¬ 
tual  operation  of  the  ballistic  gal¬ 
vanometer.  It  is  most  common, 
when  making  a  test,  to  include  the 
calibrating  equipment  in  the  cir¬ 
cuit.  Thus,  in  addition  to  the 
search  coil  and  the  galvanometer, 
the  circuit  would  incorporate  a 
standard  mutual  inductance,  a 
standard  milliammeter  or  potenti¬ 
ometer  for  precise  current  readings, 
a  reversing  or  current-breaking 
switch,  a  low-voltage  source  of  very 
steady  direct  current  such  as  a 
storage  battery,  and  a  variable  re¬ 
sistance  (a  decade  box,  for  in¬ 
stance)  for  adjusting  this  current. 
Additional  variable  resistances  are 
generally  placed  in  series  and  in 
parallel  with  the  galvanometer  it¬ 
self,  in  order  to  vary  the  sensitivity 
and  damping  of  the  instrument 

The  most  commonly  used  ballistic 
galvanometer  circuit  is  shown  in 
Fig.  4.  In  actual  use,  the  search 
coil  is  removed  from  the  field  un¬ 
der  test  and  the  maximum  deflec¬ 
tion  of  the  galvanometer  noted. 
With  the  search  coil  still  in  the  cir¬ 
cuit  (but  free  of  all  fields),  the 
current  i  is  .adjusted  in  the  cali- 
bratii4f  circuit  to  a  value  such 
that  when  the  switch  S  is  opened 
the  galvanometer  deflection  is  ap¬ 
proximately  the  same  as  previously. 
(Before  all  readings,  of  course,  the 
galvanometer  light  spot  must  be 
brought  back  and  carefully  set  on 
zero).  The  current  at  this  point  is 
carefully  noted.  The  flux  density 
(or  total  flux  or  interlinkages)  of 


the  field  under  test  may  now  be 
computed  on  the  basis  that  the  gal¬ 
vanometer  deflection  will  be  propor¬ 
tional  to  the  total  change  of  inter¬ 
linkages  in  the  circuit*: 

(N4>)r^  KDt  (6) 

where  (N«/))r  represents  the  inter¬ 
linkages  between^  search  coil  turns 
and  the  flux  threading  them,  K  is 
the  proportionality  constant,  and 
Dr  is  the  galvanometer  deflection  as 
the  search  coil  is  removed  from  the 
field  under  test. 

To  evaluate  K  in  Eq.  (5),  let  us 
study  the  voltage  induced  in  coil 
a-a  of  the  standard  mutual  in¬ 
ductance  in  Fig.  4  as  the  calibrat¬ 
ing  current  t  is  suddenly  reduced 
to  zero  (this  is  the  current  which 
when  suddenly  broken  gives  a  gal¬ 
vanometer  deflection  D,  approxi¬ 
mately  equal  to  Dr). 

e  “  ft  X  10^  *  Af  ^ ,  and  therefore 
a  I  of 

(AT^).  -  X  IV  (6) 

where  (N<^),  represents  interlink¬ 
ages  between  turns  of  coil  o-a  and 
the  flux  threading  them.  This  flux 
arises  from  current  i  in  the  turns 
of  coil  b-b.  M  is  the  value  of  mutual 
inductance  in  henrys  between  coils 
a-a  and  6-6,  and  t  is  the  calibrating 
current  in  amperes.  The  deflection 
De  is  proportional  to  {N<l>)„  and 
since  D,  is  approximately  the  same 
as  Dr,  the  constant  of  'proportion¬ 
ality,  K,  is  the  same  as  that  in  Eq. 
(5).  Therefore, 

(AT^),  -  KD^ot 

.  ,,  (AT^).  _  Aft  X  IV  _ 

Substituting  Eq.  (7)  into  Eq.  (6), 
(AT^),  -  Aft  X  IV  X  ^ 
Expressing  M  in  millihenrys  and  t 


FIG.  5 — EsMntial  {•otuiea  oi  a  magnatometar  a>  used  to  sacure  raadings  that 
ara  raliabla  indications  oi  rasidual  induction  and  coarciTa  iorca 
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ments  are  performed  with  the  aid 
of  a  search  coil. 


GALVANOMCTEP 


Us*  of  S*arcli  Ceil 

This  most  useful  flux-responsive 
device  consists  merely  of  a  number 
of  turns  of  wire  (usually  wound  in 
a  single  layer)  about  a  form,  the 
size  and  shape  of  which  is  pro¬ 
portioned  to  coincide  with  the  space 
in  which  the  measurements  are  to 
be  made.  After  the  coil  has  been 
correctly  located  in  the  magnetic 
field  it  is  to  measure,  it  is  connected 
to  the  indicating  device  to  be  used 
(usually  a  ballistic  galvanometer  or 
a  fluxmeter)  and  a  measurement 
taken  by  withdrawing  the  coil  com¬ 
pletely  from  the  field  and  noting 
the  deflection  of  the  instrument 
(Caution:  Always  take  care  that 
the  leads  from  the  search  coil  are 
carefully  and  closely  twisted  to¬ 
gether  for  their  entire  length  from 
search  coil  to  measuring  instru¬ 
ment  This,  of  course,  is  to  avoid 
measuring  the  field  in  any  space 
other  than  that  in  which  the  search 
coil  is  resting). 

As  will  be  shown  later,  the  de¬ 
flection  of  the  indicating  device  is 
proportional  to  the  interlinkages 
which  existed  between  the  search 
coil  and  the  magnetic  field.  (The 
interlinkages  existing  between  a 
coil  and  a  magnetic  field  are  the 
product  of  the  number  of  turns  of 
the  coil  by  the  number  of  flux  lines 
threading  .  these  turns.)  Conse¬ 
quently,  total  interlinkages  =  KD, 
where  K  is  the  calibration  constant 
of  the  instrument,  and  D  is  the  de¬ 
flection  of  the  instrument. 

It  follows,  then,  that  the  total 
number  of  flux  lines  threading  the 
search  coil  is  <f)  =  KD/N,  where  N 
is  the  number  of  turns  on  the 
search  coil. 

Sometimes  <f>  is  all  that  is  desired. 
Frequently,  however,  the  average 
flux  density  B  through  the  search 
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FIG.  4 — Standard  ballistic  galTonomstsr  circuit 

layers  of  wire  when  these  addi 
tional  layers  may  or  may  not  fit 
into  the  grooves  of  pre<^ing  layers 
and  may  or  may  not  sink  to  a  uni¬ 
form  depth  when  they  do  fit.  All  in 
all,  the  problem  of  obtaining  ac¬ 
curate  measurements  on  a  multi¬ 
layer  search  coil  is  a  fairly  hope¬ 
less  one  even  with  the  observation 
of  the  most  stringent  precautions. 
For  this  reason  the  effective  area 
of  a  multi-layer  coil  is  measured 
rather  than  computed. 

M*as*riRg  NA  of  a  Coil 

In  Eq.  (1)  the  product  of  N  and 
A  appears  in  the  denominator. 
This  product  is  a  constant  of  the 
coil  and  is  probably  more  frequently 
used  in  computations  than  either 
of  its  components  by  themselves. 
If  the  NA  of  a  coil  is  known,  its 
effective  area  is  easily  determin¬ 
able,  it  being  assumed  that  the 
turns  of  the  coil  were  counted 


coil  is  required.  If  A  is  the  effec¬ 
tive  area  of  the  search  coil  in  sq  cm, 
this  may  be  written  as 

B  -  KD/N  A  (1) 

DetermiNatioR  of  Coil  Area 

Perhaps  the  most  difficult  quan¬ 
tity  in  Eq.  (1)  to  determine  accur¬ 
ately  is  A.  For  single-layer  coils 
wound  on  forms  0.3  inch  or  greater 
in  diameter,  the  effective  diameter 
is  usually  taken  as 

D  -  (di  +  di)/2  (2) 

where  di  and  d,  are  as  shown  in  Fig. 
1.  The  effective  area  then  is 

A  -  wD‘/i  (3) 

The  effective  area  computed  in  this 
manner  may  be  shown  theoretically 
to  be  incorrect,  but  the  error  is 
small  and  completely  dwarfed  by 
substantially  greater  *  inaccuracies 
in  the  measuring  instrument  sys¬ 
tems  themselves.  For  this  reason 
and  the  fact  that  the  exact  formu¬ 
las  are  more  complicated,  Eq.  (2) 
and  (3)  are  universally  used  for 
the  determination  of  the  effective 
area  of  a  single-layer  search  coil. 

M*lti-Lay*r  Search  Coils 

The  determination  of  the  effec¬ 
tive  area  of  a  multiple-layer  search 
coil  is  quite  a  different  problem. 
The  difficulties  encountered  find 
their  source  not  in  the  mathemati¬ 
cal  problems  that  arise  in  connec¬ 
tion  with  the  formulation  of  cor¬ 
rect  equations,  but  rather  in  the 
mechanical  troubles  involved  in 
making  the  requisite  measurements 
accurately.  Values  for  di  and  dj  of 
Eq.  (2)  may  be  measured  quite 
easily  and  accurately  by  means  of 
a  micrometer,  but  it  is  altogether 
a  different  matter  to  measure  the 
outside  diameters  of  additional 
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FIG.  6 — Currei  of  actions  taking  place  during  a  magnotometer  tost 


in  milliamperes,  this  becomes 

{N^)t  =  100  JKi  X  (8) 

The  total  flux  threading  the 
search  coil  is  obtained  by  dividing 
Eq.  (8)  by  the  number  of  turns,  N, 
on  the  search  coil: 


4  -  —j~  X  (9) 

The  average  flux  density  through 
the  search  coil  is  obtained  by  di¬ 
viding  Eq.  (9)  by  the  area  of  the 
search  coil  in  square  centimeters: 

_  100  Af  t  Z)r 

The  meanings  of  the  symbols  in 
Eq.  (8),  (9)  and  (10)  are  repeated 
here  for  convenience: 


{N<I>)t  =»  interlinkages  between  search  coil 
and  magnetic  field  under  test. 

<t>  total  number  of  flux  lines  thread¬ 
ing  search  coil,  in  maxwells. 

N  s  number  of  turns  on  search  coil. 


B  «  average  flux  density  through  the 
search  coil,  in  gausses. 

A  ='area  of  search  coil  in  square 
centimeters. 


M  »  value  of  standard  mutual  induc¬ 
tance,  in  millihenrys. 
i  *=  value  of  calibrating  current  in 
milliamperes. 

Dr  *  search  coil  deflection. 


»  calibration  deflection  (approxi¬ 
mately  equal  to  Dr). 


Equipment  Needed 

The  correct  values  to  use  for  the 
circuit  parameters  of  Fig.  4  de¬ 
pend  a  great  deal,  of  course,  on  the 
magnetic  and  physical  magnitudes 
of  the  fields  to  be  measured,  on  the 
number  of  turns  on  the  search  coil, 
etc.  However,  a  good  general  lab¬ 
oratory  set-up  for  Fig.  4  might  con¬ 


sist  of  the  following  items: 

1.  Storage  batteries  of  from  6 
to  12  volts  for  E. 

2.  A  standard  milliammeter  of 
double  ranj?e,  0-30  and  0-150  mil¬ 
liamperes.  A  potentiometer  is  a 
preferable  alternative. 

3.  A  standard  mutual  inductance 
of  50  millihenrys  for  M. 

4.  A  four-dial  decade  box,  0-9999 
ohms  in  steps  of  one  ohm,  for  R. 

5.  A  four-dial  decade  box,  0-9999 
ohms  in  steps  of  one  ohm,  ^  R.. 

6.  A  four-dial  decade  box,  0-9999 
ohms  in  steps  of  one  ohm,  for  R^ 
When  R,  is  adjusted  to  give  a  con¬ 
venient  galvanometer  deflection  in 
connection  with  the  particular 
search  coil  being  used  and  the  par¬ 
ticular  field  being  tested,  R,  will  be 
adjusted  to  such  a  value  that  the 
resistance  of  the  external  network 
seen  by  the  galvanometer  is  equal 
to  the'  critical  damping  resistance 
of  the  galvanometer.  This  may  not 
always  be  possible  to  do. 

7.  A  ballistic  galvanometer  the 
sensitivity  of  which  with  zero  ex¬ 
ternal  resistance  is  700  interlink¬ 
ages  per  millimeter  or  higher. 
(Note — a  sensitivity  of  600  inter¬ 
linkages  per  millimeter  is  a  higher 
sensitivity  than  700,  not  lower.) 
This  sensitivity  figure  is  to  be  in¬ 
terpreted  as  applying  to  a  galvan¬ 
ometer  set-up  having  a  scale  located 
approximately  perpendicular  to  the 
light  beam  and  one  meter  distant 
from  the  galvanometer. 

8.  Suitable  search  coils  and 
switches. 


Next  in  basic  importance  to  iht 
ballistic  galvanometer  in  making 
magnetic  measurements  is  prob¬ 
ably  the  fiux  meter. 

FInxmctcr 

A  meter  for  measuring  flux 
consists  essentially  of  an  ordinary 
d’Arsonval  movement  and  a  scale 
calibrated  in  terms  of  interlink¬ 
ages.  The  restoring  torque  is  made 
as  near  zero  as  possible.  The  de- 
fiection  of  the  pointer  of  such  an 
instrument  is  proportional  not  to 
the  rate  of  flow  of  charge  through 
the  moving  coil  (as  in  an  ammeter) 
but  rather  to  the  total  quantity  of 
charge  moved  through  the  moving 
coil.  Thus  the  fluxmeter  is  an  in¬ 
strument  which  reads  total  current 
or  interlinkage  change. 

Actually,  in  commercial  models 
of  this  instrument,  the  restoring 
torque  is  close  to,  but  very  seldom 
equal  to,  zero  over  the  entire  scale 
range.  This  is  due  to  the  fact  that 
current  must  be  lead  to  and  from 
the  moving  coil  by  some  means  or 
other  and  the  ordinary  means  used 
are  insufficiently  pliant  to  forbid 
the  self-exertion  of  some  influence 
on  the  coil. 

The  common  accuracy  for  com¬ 
mercial  fluxmeters  is  2  percent. 
This  may  be  improved  somewhat  if 
the  fluxmeter  is  used  in  connection 
with  a  calibrating  circuit  similar 
to  that  of  Fig.  4. 

Magnetometer 

The  ballistic  galvanometer  and 
the  fluxmeter  are  the  two  commonly 
used  instruments  in  the  laboratory. 
The  fluxmeter  is  also  used  fre¬ 
quently  and  satisfactorily  as  a 
production  testing  instrument,  but 
in  this  respect  it  is  probably  less 
satisfactory  than  either  the  mag¬ 
netometer  or  the  production  per- 
meameter.  These  are  the  commonly 
used  instruments  in  the  production 
inspection  department  and  have 
proved  their  worth  over  and  over 
again. 

Figure  5  shows  schematically  the 
basic  layout  of  the  magnetometer. 
Operation  of  this  instrument  is  as 
follows:  The’ piece  to  be  tested  is 
placed  in  gap  G  and  movable  mem¬ 
ber  K  is  closed  down  upon  it  so  that 
good  magnetic  contact  is  made  at 
both  ends  of  the  specimen.  Inci¬ 
dentally,  the  contact-making  ends 
of  the  specimen  are  usually  ground 
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smooth  and  parallel  before  test, 
the  test  specimen  is  now  in  a  soft 
iron  circuit  completely  closed  ex¬ 
cept  for  the  gap  provided  for  mov¬ 
ing  coil  C.  Next,  switch  T  is  closed 
and  current  supplied  to  coil  C. 
This  current,  as  read  by  milliam- 
meter  M,  is  adjusted  to  some  pre¬ 
determined  value.  Next,  switch  S 
is  closed  in  position  1  and  a  heavy 
magnetizing  current  put  through 
coils  B.  (In  most  instruments  it  is 
essential  to  provide  a  mechanism  to 
interrupt  the  current  through  coil 
C  while  switch  S  is  closed  in  either 
position  1  or  2.  This  is  to  prevent 
the  pointer  from  breaking  or  bend¬ 
ing  itself  against  the  pointer 
stops).  Switch  S  is  held  in  position 
1  for  a  matter  of  3  or  4  seconds,  or 
long  enough  for  the  current  to  com¬ 
pletely  build  up  in  coils  B,  and  is 
then  opened. 

The  test  specimen  is  now  mag¬ 
netized  and  provides  the  field  for 
the  operation  of  the  d’Arsonyal 
movement  of  which  coil  C  is  a  part. 
The  pointer  deflects  across  the  scale 
and  a  reading  is  taken  when  it 
comes  to  rest.  After  this  reading 
is  taken,  switch  S  is  closed  in  posi¬ 
tion  2  and  a  much  smaller  current 
put  through  coils  B  in  the  opposite 
direction  to  that  previously.  This 
current,  as  measured  by  ammeter 
.4,  is  adjusted  to  a  previously  de¬ 
termined  value  and  must  always 
be  adjusted  in  such  a  way  that  the 
current  is  increased  to  this  value, 
never  decreased  to  it.  If  the  mark 
is  overshot,  the  test  is  valueless  and 
the  cycle  must  be  repeated  from 
the  start. 

Switch  S  is  held  in  position  2 
for  three  or  four  seconds  and  then 
I  reopened.  The  test  specimen  has 
now  been  partially  demagnetized 
I  and  will  supply  a  much  weaker  field 
!  to  coil  C.  A  second  reading  of  the 
I  pointer  deflection,  which  of  course 
\  is  proportional  to  this  field,  is  taken 
I  at  this  point.  The  specimen  is  re¬ 
moved  from  the  gap  G,  the  next 
piece  inserted,  and  the-  cycle  re¬ 
peated. 

!  The  two  readings  taken  during 
i  the  test  form  an  excellent  produc¬ 
tion  index  of  the  quality  of  the  mag¬ 
net  tested.  Of  course,  the  various 
current  values  used  in  the  test  will 
in  general  differ  for  pieces  of  dif¬ 
ferent  size  and  shape  (will  not 
differ,  however,  between  pieces  of 
the  name  size  and  shape).  The 
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specification  of  the  value  of  the  point  travels  up  minor  hysteresis 
demagnetizing  test  current  and  the  loop  bd  to  point  d,  and  the  second 
specification  of  the  low  limits  of  reading  will  be  proportional  to  the 
acceptability  for  the  two  magnet-  flux  density  value,  Bt. 
ometer  readings  must  be  decided  While  the  magnetometer  gives  no 
upon  as  a  result  of  an  interpreta-  answers  in  terms  of  absolute  quan- 
tion  of  the  usage  requirements  of  tities  and  doesn’t  even  give  answers 
the  particular  magnets  in  question,  in  terms  of  points  on  the  demagnet¬ 
ization  curve,  it  nevertheless  gives 
two  readings  on  each  test  piece,  the 
first  of  which  is  a  good  indication 
of  the  residual  induction  of  the 
piece  and  the  second  of  which  is  a 
good  indication  of  the  coercive 
force.  (This  latter  statement  is 
predicated  on  the  proper  adjust¬ 
ment  of  the  demagnetizing  current 
during  the  test.)  Thus,  by  means 
of  this  simple  test,  it  is  possible  to 
determine  rapidly  whether  or  not 
the  demagnetization  curve  of  the 
magnet  under  test  conforms,  at 
least  near  its  end  points,  with  mini¬ 
mum  established  requirements  for 
that  magnet.  The  method  is  ex¬ 
tremely  rapid  (one  machine  can 
test  200  magnets  per  hour  if  prop¬ 
erly  set  up)  and  is  used  by  magnet 
purchaser  and  magnet  manufac¬ 
turer  alike. 


Magnetometer  Principles 

Reference  to  Fig.  6  and  the  sec¬ 
ond  article  of  this  series  will  make 
clear  the  action  taking  place  dur¬ 
ing  a  magnetometer  test.  Assum¬ 
ing  that  the  magnet  is  initially  de¬ 
magnetized  when  placed  in  the 
magnetometer  (this  is  not  a  neces¬ 
sary  condition  to  the  proper  func¬ 
tioning  of  the  magnetometer)  the 
flux  density  in  the  magnet  will  rise 
along  the  curve  oc  when  the  switch 
S  is  closed  in  position  1.  Sufficient 
current  must  be  put  through  coils 
B  to  assure  that  the  magnet  oper¬ 
ating  point  carries  beyond  point  c, 
i.e„  to  assure  that  the  magnet  is 
saturated.  When  switch  S  is  opened, 
the  magnet  operating  point  runs 
down  the  curve  cR,o  to  point  a,  and 
the  first  reading  will  be  propor¬ 
tional  to  the  flux  density  value,  R,. 

I  Note  that  the  operating  point  goes 
to  a,  not  Bg.  This,  of  course,  is  due 
to  the  small  gap  introduced  into  the 
-soft  iron  circuit  of  the  magnet¬ 
ometer  to  allow  operation  of  coil 
C) .  When  switch  S  is  closed  to  posi¬ 
tion  2,  the  operating  point  will  con¬ 
tinue  down  the  demagnetization 
curve  to  a  point  (depending  on  the 
value  of  demagnetizing  current 
used)  shown  as  b.  Then,  as  the 
switch  is  opened,  the  operating 


Use  of  Prodeetion  Permeamefer 

The  production  permeameter  is 
shown  schematically  in  Fig.  7.  Its 
operation  is  as  follows: 

The  piece  to  be  tested  is  very 
carefully  demagnetized  (this  is  im¬ 
portant)  and  inserted  in  the  gap 
of  the  production  permeameter.  A 
search  coil,  C  of  a  size  to  permit  it 
to  just  slip  over  the  test  specimen, 
is  placed  into  position  and  the  mag- 
(Continned  on  page  385) 
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FIG.  7 — Estontial  features  of  a  permeameter  designed  for  production-line  use 
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UNDER  WAR  CONDITIONS  Small 
vacuum-tubes  are  more  diffi¬ 
cult  to  procure.  The  number  of 
tube  types  produced  is  arbitrarily 
reduced  and  the  availability  of  re¬ 
maining  types  varies.  Further¬ 
more,  general  performance  stand¬ 
ards  may  be  somewhat  lower  and 
manufacturing  variations  tend  to 
increase. 

The  audio  operating  engineer  is 
faced  with  a  distinct  small-tube 
problem  and  he  must  make  every 
effort  to  solve  it  in  order  to  main¬ 
tain  his  plant  in  good  working 
condition.  The  problem  divides 
broadly  into  two  parts :  (a)  Means 
of  dealing  with  initial  variations 
in  performance  characteristics  and 
(b)  methods  of  insuring  normal 
life  and  even  increasing  it. 

Seven  methods  by  which  troubles 


in  small  vacuum  tubes  may  be  mini¬ 
mized  immediately  come  to  mind: 

(1)  Reduce  the  number  of  differ¬ 
ent  tube  types  used  in  the  plant 
by  modifying  equipment  and  so,  in 
effect,  increase  the  available  stock 
from  which  selection  can  be  made. 

(2)  Make  certain  that  all  tubes, 
particularly  rectifiers  and  output 
tubes,  are  operating  well  within 
rating.  Reduce  requirements,  if 
possible. 

(3)  Analyze  equipment  faults 
carefully  to  make  certain  that  cir¬ 
cuit  elements  other  than  tubes  are 
not  the  cause. 

(4)  Use  external  mechanical  or 
electrical  devices  designed  to  pro¬ 
tect  tubes. 

(5)  Adapt  equipment  to  use  sub¬ 
stitute  types  of  tubes  which  are 
more  readily  procurable. 


(6)  Use  all  tubes  to  the  very 
end  of  their  useful  life. 

(7)  Shut  off  equipment  when  it 
is  not  in  use. 

Tab*  “SalaetioN" 

Small  tubes  are  not  absolutely 
uniform  in  their  characteristics,  be¬ 
cause  of  inevitable  variations  under 
conditions  of  economical  quantity 
production.  There  is  also  some 
variation  between  similar  t]rpes  of 
different  manufacture  and  between 
different  lots  or  “runs”  of  the  same 
type  by  any-  one  manufacturer. 
For  this  reason,  some  suppliers 
offer  “selected”  tubes,  which  are 
available  at  increased  cost  for  criti¬ 
cal  applications. 

The  user  may  himself  employ 
selection,  provided  a  sufficient  num¬ 
ber  of  tubes  of  the  required  type 
are  available.  This  suggests  a 
study  of  equipment  with  a  view 
toward  possible  changes  in  tube 
line-up.  It  may  prove  desirable  to 
use  a  single  type  in  more  sockets. 
Tubes  in  a  sizeable  stock  can  be 
tested  and  marked  as  “first”  or 
“seconds”,  depending  upon  whether 
they  are  found  suitable  for  use  in 
critical  positions,  such  as  in  the 
initial  stage  of  an  amplifier,  or  in 
later  stages  and  secondary  applica¬ 
tions. 

Aside  from  the  present  neces¬ 
sity,  reduction  in  the  number  of 
tube  types  employed  will  be  a  per¬ 
manent  step  in  the  right  direction. 
In  most  audio  systems  it  would 
be  entirely  practical  to  use  the 
same  type  of  tube  for  all  stages 
of  amplification  except  the  final  or 
output  stage,  to  which  a  line  or 
resistance-termination  load  is  con¬ 
nected. 

Among  the  variations  to  which 
an  average  lot  of  small  tubes  is 
subject  are  hiss,  microphonics, 
thumps,  clicking  and  popping 
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in  AUDIO  SERVICE 

In  wartime,  the  broadcast  station  operating  engineer  must  devise  means  for  dealing  with 
initial  variations  in  characteristics  and  methods  of  insuring  maximum  life.  Practical  sug¬ 
gestions  for  achieving  small-tube  economies  are  given 


noises,  and  frying  or  sputtering 
noises. 

In  the  case  of  hiss,  triodes  are 
inherently  quieter  than  tubes  with 
more  elements,  substitution  being 
desirable  if  the  application  is  a 
stringent  one  with  respect  to  noise 
and  if  some  gain  reduction  can  be 
tolerated.  Selection  is  rarely  prac¬ 
tical  where  hiss  is  encountered 
since  this  usually  accompanies  re¬ 
duced  emission.  A  tube  found  in 
such  condition  initially  will  gen¬ 
erally  have  a  short  period  of  life 
expectancy  and  should  be  discarded. 

Selection  is  of  definite  advantage 
in  the  case  of  tubes  with  thumps, 
clicks  or  pops,  since  tubes  having 
such  characteristics  can  often  be 
used  in  second  or  later  stages  where 
the  faults  are  not  too  pronounced. 
Sometimes  these  noises  occur  only 
during  the  warm-up  period  (as 
much  as  an  hour  for  some  types) 
and  allowance  should  be  made  for 
this. 


Frying  noises,  sometimes  occur¬ 
ring  at  infrequent  intervals  and 
therefore  hard  to  locate,  may  indi¬ 
cate  reduced  insulation  between 
elements.  Such  tubes  can  fre¬ 
quently  be  used  effectively  in  cir¬ 
cuit  positions  requiring  less  plate 
voltage. 

Selection  is  of  very  definite  ad¬ 
vantage  in  the  case  of  microphonics 
as  variations  among  tubes  of  simi¬ 
lar  types  are  usually  great  in  this 
respect. 

Reducing  Loads 

Tubes,  in  common  with  ail  physi¬ 
cal  devices,  have  limits  of  work  ca¬ 
pacity  which,  if  exceeded,  reduce 
life  expectancy  and  may  cause 
permanent  damage.  In  the  audio 
plant  the  output  tubes  of  power 
amplifiers  are  frequently  over¬ 
loaded.  Rectifier  tubes  are  even 
more  often  abused. 

Rectifiers  are,  in  a  sense,  power- 
originating  devices.  They  consti¬ 


tute  a  fundamental  limit  in  a-c 
equipment,  so  that  both  designers 
and  users  tend  to  demand  full 
and  often  excessive  output.  As 
new  rectifier  types  become  avail¬ 
able  the  tendency  is  to  “design  up 
to  them,”  so  to  speak,  the  practi¬ 
cal  result  being  that  in  much  pres¬ 
ent  equipment  the  power-supply 
circuits  are  overloaded  or  very 
nearly  so. 

Mercury-vapor  rectifiers,  having 
a  low  internal  impedance,  are  par¬ 
ticularly  subject  to  excessive  cur¬ 
rents  and  care  must  be  employed  in 
choosing  suitable  loads.  Filters 
having  a  capacitor  as  the  first  cir¬ 
cuit  element  are  not  suitable,  as 
competent  engineers  know,  but 
there  are  cases  where  this  fact  has 
been  ignored.  In  such  cases  a 
small  inductance  should  be  installed 
between  the  capacitor  and  the  rec¬ 
tifier  tube  output.  The  value  of 
this  choke  will  depend  upon  the 
reduction  of  filtered  output  voltage 


Typical  modern  broadcast  station  audio  line-up.  There  are  31  tubes  in  this  equipment  but  only  tiye  diiierent  tube  types. 

Sixteen  tubes  oi  one  type  are  used  as  voltage  amplifiers 
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which  can  be  tolerated,  but  even  a 
comparatively  small  choke  is  of 
value  in  limiting  maximum  cur¬ 
rent  peaks.  Lacking  a  choke,  a* 
resistor  of  equivalent  d-c  value  can 
be  used,  without  of  course  the 
additional  filtering  benefits  of  the 
former.  In  the  case  of  a  half-wave 
rectifier,  a  choke  eases  the  load  on 
the  tube  but  is  of  little  advantage 
in  filtering. 

It  should  be  remembered  that 
substantial  changes  in  power-sup¬ 
ply  output  voltage  will  require  cor¬ 
responding  readjustments  of  grid 
bias  on  the  amplifier  tubes  involved 
to  avoid  distortion.  The  ampli¬ 
fier  output  will  also  be  reduced,  but 
there  is  little  disadvantage  in  this 
as  present-day  equipment  delivers 
power  in  excess  of  most  require¬ 
ments,  especially  to  monitoring 
loudspeakers  used  in  small  spaces. 
In  the  case  of  said  loudspeaker 
amplifiers,  where  they  are  used  in 
secondary  locations,  and  for  other 
secondary  amplifier  equipment,  a 
simple  “brute-force”  method  of  ob¬ 
taining  substantial  increases  in 
tube  life  consists  of  inserting  a 
series  resistance  in  the  a-c  line, 
reducing  the  input  voltage  from  10 
to  15  percent.  This  will  introduce 
some  distortion,  of  course,  but  it  is 
surprising  how  far  the  line  voltage 
can  be  reduced  while  still  retaining 
acceptable  quality.  Try  it  and  see 
for  yourself!  Check  quality  by 
listening  to  a  program,  or  to  har¬ 
monics  from  an  audio  oscillator  if 
distortion-measuring  equipment  is 
not  available. 

High-vacuum-type  rectifiers,  be¬ 
cause  of  their  much  greater  inter¬ 
nal  impedance,  are  not  as  suscept¬ 
ible  to  damage  as  mercury-vapor 
tubes,  but  they  do  tend  to  run 
hotter.  In  some  types  heating  has 
been  known  to  reduce  life  seriously. 
Tube  ratings  and  actual  operating 
conditions  should  be  carefully  com¬ 
pared  and  either  a  choke  or  a 
resistor  used  to  reduce  the  load 
where  necessary.  Here  also  a 
choke-input  filter  will  be  beneficial 
but  it  is  not  imperative  as  in  the 
case  of  the  mercury  tvpe. 

A  reasonable  operating  ambient 
temperature  of  from  110  to  115 
deg  F  should  be  provided,  either 
by  inducing  natural  circulation  or 
by  resorting  to  a  blower.  Cooling 
also  reduces  the  danger  of  flash¬ 
back  in  mercury-vapor  rectifiers. 
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(Incidentally,  while  on  the  subject 
of  temperature,  it  is  well  to  point 
out  that  the  life  of  electrolytic 
filter  capacitors  decreases  rapidly 
above  approximately  120  deg  F  and, 
since  these  are  usually  mounted 
adjacent  to  rectifier  tubes,  a  double 
advantage  is  obtained  by  cooling. 
There  is  no  practical  point  in  oper¬ 
ating  below  about  100  deg  F  unless 
transformers  and  other  parts  are 
potted  so  badly  that  they  drip ! ) 

Eqaipment  Favlts 

Equipment  faults  should  be  care¬ 
fully  analyzed  to  determine  whether 
tubes,  or  other  seemingly-innocent 
circuit  elements,  are  causing 
trouble.  Many  engineers  refer 
humorously  to  the  alleged  practice 
of  the  radio  servicemen  who  com¬ 
pletely  re-tube  a  receiver  at  the 
slightest  provocation.  Yet  this 
very  stunt  was  at  one  time,  and 
perhaps  still  is,  common  audio 
maintenance  practice. 

Faulty  operation  blamed  on  tubes 
may  be  due  to  poorly-soldered  or 
fastened  wiring,  high-resistance  or 
corroded  connections  in  coupling 
transformers  or  inductances,  cor¬ 
rosion  at  tube  terminals  and  socket 
contacts,  and  sometimes  poorly-de¬ 
signed  input  circuits  or  inferior 
circuit  elements  which  give  rise  to 
excessive  thermal  agitation  easily 
mistaken  for  tube  hiss. 

Frotcetiv*  Devices 

Various  external  mechanical  and 
electrical  means  may  be  used  to  im¬ 
prove  performance  of  tubes  in  criti¬ 
cal  positions.  Since  the  general 
adoption  of  heater- type  tubes  hav¬ 
ing  inherently  low  microphonic  re- 
spon.se,  the  use  of  sockets  with 
elastic  mountings  has  been  all  but 
forgotten.  To  one  who  has  not 
tried  it  before,  the  beneficial  re.sults 
of  suspending  a  tube  and  so  ket 
from  the  chassis  by  means  of 
several  stout  rubber  bands  will 
seem  remarkable.  Sponge-rubber 
and  even  steel  or  phosphor-bronze 
springs  can  be  used  when  the  re¬ 
quirements  are  not  too  severe.  All 
electrical  connections  to  the  float¬ 
ing  socket  should  be  flexible. 

The  foregoing  applies  chiefly  to 
cases  of  mechanical  vibration, 
transmitted  into  the  tube  from  the 
chassis.  If  the  microphonics  are 
air-borne,  i.e.,  purely  acoustical,  try 
damping  the  tube  by  fastening  an 


ounce  or  so  of  lead  to  the  envelope 
with  spring  clips.  The  experiment 
may  flrst  be  tried  by  securing  ihe 
lead  mass  with  a  rubber  band.  If 
rubber  bands  are  unobtainable,  cut 
strips  from  an  old  rubber  glove 
or  inner  tube.  In  extreme  condi¬ 
tions  of  air-borne  noise  the  tube 
or  socket  can  be  surrounded  with 
a  lead  shield  (a  piece  of  pipe  with 
a  cap  over  it — painted  dull  black 
inside  and  out  to  facilitate  heat 
radiation).  Extreme  cases  of  me¬ 
chanical  vibration,  usually  of  low 
frequency  and  due  to  building  rum¬ 
ble,  etc.,  can  be  reduced  by  inser¬ 
tion  of  a  simple  high-pass  filter 
with  a  low  cut-off  at  60  to  80  cps. 
A  microphonic  tube  can  sometimes 
be  cured  by  giving  it  a  sharp  snap 
of  the  finger  while  in  operation. 
Presumably,  this  shakes  into  place 
elements  which  were  in  a  loose  or 
unstable  condition. 

Sabstitat*  Types 

The  availability  of  various  tubes 
has  changed  since  the  beginning 
of  the  war  and  tends  to  vary  from 
time  to  time,  with  certain  types 
continuing  in  greater  demand  and 
thus  scarcer.  A  check  of  local  sup¬ 
pliers  will  indicate  the  immediate 
condition. 

Tube  catalogs  and  handbooks 
show  a  diversity  of  similar  types, 
the  variations  being  in  respect  to 
socket  terminals,  filament  voltage, 
glass  or  metal  envelope,  etc.  Types 
6C6-6J7-57  and  6Lfe-807  are  ex¬ 
amples  of  this.  Tetrodes  and  pen¬ 
todes  can  replace  some  of  the  older 
triodes  with  a  change  of  sockets 
and  paralleling  of  screens  and 
plates.  Substitution  of  glass  for 
metal  and  vice  versa  is  usually  a 
matter  of  socket  change  and  some¬ 
times  space,  requiring  shifting  of 
other  components.  It  is  possible 
to  use  lower-voltage  types  in  6v 
parallel-operating  filament  or 
heater  circuits;  in  series  circuits, 
suitable  series-parallel  combina¬ 
tions  of  tubes  and  resistors  can 
almost  always  be  worked  out. 

Extending  Life 

In  the  old  days  burn-outs  of 
tungsten  filaments  were  anticipated 
where  continuity  of  service  was  a 
factor.  Tubes  were  replaced  after 
a  certain  period  of  use,  regardless 
of  whether  or  not  they  were  in 
{Continued  on  page  393) 
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FIG.  1 — Skeleton  form  of  the  chart,  illuetrating  procedure  for  shiit- 
ing  decimal  point  for  inductance  and  capacitance  Talues,  os  re> 
quired  for  the  case  of  dielectric  heating 


FIG.  2 — Skeleton  form  of  the  chart,  indicating  operating  boun¬ 
daries  of  current  and  kva.  determined  by  original  rated  con¬ 
ditions  when  on  odiustment  in  frequency  is  desired 


ELECTRONIC  HEATING 

Design  Chart 


Choice  of  overall  circuit  constants  for  induction  and  dielectric  heating  applications  can 
be  made  directly  from  the  chart.  Their  limitations  and  dependencies  are  visualized 


Designers  of  induction  heating, 
dielectric  heating,  and  other 
apparatus  of  relatively  high  audio 
and  radio-frequency  power  can 
choose  appropriate  circuit  con¬ 
stants,  in  accordance  w’ith  operat¬ 
ing  requirements,  by  the  relations 
conveniently  arranged  in  the  ac¬ 
companying  chart.  By  this  method 
such  relations  can  be  easily  held 
within  physical,  electrical,  and  eco¬ 
nomic  limitations. 

The  seven  parameters  covered  by 
the  chart  are  (1)  current,  (2)  volt¬ 
age,  and  (3)  kva,  correlated  by  the 
upper  section;  and  (4)  inductance, 
(5)  capacitance,  and  (6)  frequency, 
in  the  lower  section;  with  (7)  re¬ 
actance  having  its  scale  as  a  com¬ 
mon  coordinate  between  the  two 


By  C.  V.  FIELDS 

Switchgear  Enyineer, 
WettinyhouHC  Elec,  u;  ilfy.  t'». 

E.  PittBburyh,  Pen  mi 

sections  in  the  construction  of  the 
chart  as  a  whole. 

The  horizontal  lines  are  ordi¬ 
nates  of  kva,  in  the  upper  section — 
and  of  frequency,  in  the  low'er  sec¬ 
tion.  The  45  degree  diagonals  are 
cross-coordinates  of  voltage  and 
current  in  the  upper  section — and 
inductance  and  capacitance,  in  the 
lower.  The  vertical  lines  are  of  con¬ 
stant  reactance,  common  to  both 
sections;  their  values  are  shown 
along  the  abscissa. 

There  is  no  set  order  of  opera¬ 
tions  in  arriving  at  a  desired  solu¬ 
tion,  since  any  point  represents  a 


set  of  values  for  each  of ‘the  four 
parameters,  and  naturally  satisfies 
any  equations  involving  them.  It 
is  necessary  only  to  familiarize 
oneself  with  the  directions  of  in¬ 
crease  and  decrease,  and  with  the 
calibration  of  the  scales  so  that  cor¬ 
rect  interpolation  may  be  made,  to 
obtain  a  commensurate  set  of 
values. 

Induction  Heating 

In  the  usual  case  of  induction 
heating  equipment  design,  three 
factors  have  been  established  and 
it  is  necessary  only  to  ascertain  the 
remaining  values  on  the  chart.  The 
voltage  and  frequency  are  set  by 
the  power  supply  characteristics  in 
the  example  shown  on  the  chart; 
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Each  man,  each  machine  acts  as  a  unit .  .  .  And  every  part-small 
and  large — In  every  piece  of  equipment,  performs  as  one  . . .  That’s 
vital;  that’s  what  all  the  effort’s  about .  . . 

The  very  command:  **cast  off!**  **contactl**.  .  .  must  get  through 
instantaneously,  perfectly.  And  they  do— because  in  every  line  of  com¬ 
munication  each  CINCH  part  **works  GUNG  in  perfect  harmony  HO.** 

★  from  Hi*  L/mvariol  f  kfurv,  "Gvng  Ho" — GUNG:  Work/  HO:  Harmony. 


CINCH  Miniolur*  Socket  with  "integral" 
or  on*  piece  shield  and  saddle.  The  high 
base  virtually  acts  os  a  shoe  horn  ...  as 
tubes  must  travel  a  straight  path  when 
inserted  or  removed,  thus  preventing  tub* 
breakage.Fullfloating  contocts...a  shield 
base  that  acts  as  o  support  neutral¬ 
izing  vibration  shock  and  distortKxi. 


y^U  MANUFACTURING  CORPORATION 

IV  2335  West  Van  Buren  Street,  Chicago,  Illinois 

UNITED-CARR  FASTENER  CORPORATION,  CAMBRIDGE,  MASS. 
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namely,  400  v  and  10  kc.  The  cur¬ 
rent  required  was  calculated  to 
be  500  amperes.  The  intersection 
of  the  known  voltage  and  current 
gives  the  corresponding  kva  (200) 
at  the  left,  and  the  0.8-ohms  induc¬ 
tive  or  capacitive  reactance  is  read 
on  the  abscissa  directly  above  or 
below  the  intersection.  Interpolat¬ 
ing  between  the  two  sets  of  diag¬ 
onal  lines,  where  the  0.8-ohm  ver¬ 


tical  line  crosses  the  10-kc  horizon-  temperature  and  rate  of  heating, 
tal  line,  in  the  lower  half  of  the  one  computes  the  required  kilo- 
chart,  we  find  the  inductance  to  be  watts,  which  is  divided  by  the 
13  fih  and  the  capacitance  20  jtif.  power  factor  to  get  the  kva  burden 

of  the  load.  In  the  example  shown 
in  Fig.  1  the  1000  /tf  specimen  re¬ 
quires  100  kva  at  a  maximum  of 
2600  V,  and  the  oscillator  covers 
the  1600  to  5000  kc  range. 

Before  proceeding  to  use  the 
(Contimted  on  page  395) 


Dielectric  Heating 

Physical  and  electrical  properties 
of  specimens  to  be  heated  by  the  di¬ 
electric  loss  method  establish  the 
capacitance,  power  factor,  and  per¬ 
missible  voltage.  From  the  desired 
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ELECTROLYTIC, 
FILM  AND  PAPER 

CAPACITORS 


ave  Assembly  Space  and  Time 


10NG  considered  standard  for  metal  encased  units, 
J  Mallory  FP  and  WP  Capacitors  are  widely  specified 
for  radio  and  electrical  assemblies.  Light  in  weight,  com¬ 
pact,  complete  with  mounting  features,  they  save 
assembly  space  and  time.  Mounting  brackets  or  other 
accessories  are  not  required  where  the  chassis  has  been 
punched  with  the  characteristic  FP  slotted  design. 


Types  FP  and  WP 
Dry  Electrolytic  Capacitors 


Mallory  FP  and  WP  Capacitors  insure  these  savings; 

1 —  Less  engineering  expense  in  capacitor  applications 

2 —  Lower  costs  per  unit 

3 —  Eliminate  the  need  of  special  capacitors 

4 —  Less  labor  in  assembling  to  chassis 

5 —  Eliminate  the  need  of  hardware  for  mounting 

6 —  Uniformity  eliminates  the  need  for  other  parts 
to  stabilize  circuit  performance 

7 —  Encased  in  metal  —  hermetically-sealed  against 
extremes  of  temperature  and  humidity 

8 —  Smaller  sizes  simplify  design  and  conserve 
.  chassis  space 


Lenil  a  Hanti — Hiiv  If  ar  Bonds 


We  invite  you  to  send  for  complete  test  data  and 
specifications. 

Pioneers  in  capacitor  research  and  manufacture, 
Mallory  enfiineers  uelcome  consultations  on  \xnir 
problems.  An  exceptionally  broad  background  in 
designing,  testing  and  producing  specialized  types  of 
capacitors  and  noise  filters  is  at  your  disposal. 
Please  feel  free  to  use  it.  IPrite  Mallory  direct  or 
see  your  nearest  distributor. 


P  R.  MALLORY  a  COJnc 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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Carrier  Current  for  Railroad  Communication 


A  CARRIER  CURRENT  system  of  com¬ 
munication,  using  the  rails  and 
wires  on  poles  parallel  to  the  track, 
has  been  put  into  operation  by  the 
Pennsylvania  Railroad  on  the  67- 
mile  Belvidere-Delaware  branch 
running  northward  from  Trenton, 
N.  J.  The  system  has  been  applied 
to  freight  service  on  a  branch 
where  considerable  traffic  is  han¬ 
dled. 

So  far,  equipment  has  been  in¬ 
stalled  on  10  locomotives,  10  cabin 
cars  and  one  block  station.  An  in¬ 
stallation  at  another  block  station 
is  under  way  at  Trenton,  where 
the  branch  leaves  the  New  York- 
Washington  main  line.  The  sys¬ 


tem  permits  the  crews  of  freight 
trains  and  block  operators  in  way- 
side  towers  to  talk  to  one  another 
at  any  time  for  the  transmission 
of  orders,  reports,  and  information 
on  matters  affecting  train  opera¬ 
tion.  The  conductor  in  the  cabin 
car  and  the  engineer  in  the  lo¬ 
comotive  cab  may  also  communi¬ 
cate  with  one  another  and  the  crew 
of  one  train  may  talk  with  the  crew 
of  another  train  several  miles  dis¬ 
tant. 

The  equipment  operates  on  a 
push-talk  system  with  a  button 
provided  that  causes  a  constant 
audio  tone  to  be  transmitted  when 
calling.  This  tone  is  received  by 


Th«  pro|*ction  behind  th»  wheel  oi  the 
locomotiTe  contains  a  coil  for  pickinq 
up  the  st^al  from  the  track  in  the 
carrier-current  system  used  by  the 
PennsylTonia  Railroad 


A  handset  with  a  press-to-talk  switch  and  on  overhead  speaker  (not  shown)  is  used 
by  the  engineer  in  the  locomotive  cab.  The  carrier-current  equipment,  mounted 
above  the  driving  wheels,  utilises  the  tracks  and  adjacent  wire  lines  ior  reception 
and  transmission  from  train  to  train  or  to  the  block  operator 


Electronic  equipment  ior  transmittinq 
and  receiving  carrier-current  signals  at 
the  block  station,  made  by  Unioo 
Switch  and  Signal  Co. 

the  block  operator  and  other  crews 
on  the  branch,  as  is  also  the  ensu¬ 
ing  conversation.  Thus,  orders  to 
one  train  crew  are  noted  by  other 
crews  and  a  constant  check  may  be 
provided  on  overlapping  orders. 

Reception  of  the  signal  from  the 
rails  is  made  by  a  pickup  coil  that 
is  mounted  a  few  inches  above  the 
track.  Power  for  the  engineer's 
unit  comes  from  the  headlight  gen¬ 
erator  on  the  locomotive,  while  stor¬ 
age  batteries  supply  the  conductor’s 
set  in  the  cabin  car.  Loud.speakers 
are  used  in  all  positions  and  per¬ 
mit  the  men  to  hear  whistle  signals 
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during  reception  of  the  carrier- 
current  signals. 

Use  of  the  carrier-current  sys¬ 
tem  has  the  advantage  that  no 
space  is  taken  in  the  already 
,  crowded  spectrum  of  radio  waves 
used  for  communication  purposes. 
Practically  no  radiation  of  the  sig¬ 
nal  should  take  place  from  the  wire 
line  or  the  track  and  the  signal  is 
essentially  confined  to  the  rail¬ 
road’s  property. 

The  elimination  of  stops  at  tele¬ 
phones  alongside  the  tracks,  to  en¬ 
able  train  crews  to  get  in  touch 
with  block  operators,  has  resulted 
in  a  considerable  gain  in  operating 
efficiency,  and  no  change  in  the  op¬ 
erating  rules  governing  the  move¬ 
ment  of  trains  has  been  found 
necessary. 


.  W.  t 

■  ^  i 

^  4"."' 

Back  in  th*  cobooM.  a  Ireivht  conduc¬ 
tor  calls  tho  block  oporotor  for  orders. 
He  can  contact  other  train  crews  or 
his  own  engineer  with  the  carrier- 
current  teiepbone  system 


A  workman  in  a  plane  plant  con  direct  riveting  crews  on  the  inside  oi  fhe  plane  by 
means  of  a  portable  electronic  communicator.  Bridge  and  ship  builders  have  used 
suck  equipment  for  rapid  communication  between  work  crews 


tronic  interphone  that  was  origin¬ 
ally  designed  for  the  use  of  student 
and  instructor  in  pilot  training 
schools  and  is  now  being  used  in  an 
aircraft  plant.  The  unit  provides 
communication  between  the  ground 
crew  and  workers  located  in  vari¬ 
ous  parts  of  large  planes.  Conven¬ 
tional  or  throat  microphones  may 
be  used  on  the  portable  self-con¬ 
tained  unit,  which  is  a  product  of 
the  Electronic  Specialty  Company 
of  Los  Angeles. 


Free-Field  Sound  Room 


A  FREE-FIELD  SOUND  ROOM,  used  to 
obtain  accurate  measurements  of 
sound  for  use  in  the  development  of 
radio  and  sound  equipment,  is  con¬ 
tained  in  the  RCA  Laboratories  at 
Princeton,  N.  J.  Free-field  condi¬ 
tions  are  simulated  by  making  the 
room  large  and  the  absorption  co¬ 
efficient  of  the  wall  surfaces  near 
unity.  To  accomplish  this,  strips  of 
Ozite,  one  inch  thick  and  spaced  one 


Communications  in 
Plane  Assembly 

In  riveting  a  plane  fuselage  or 
wing,  the  riveter  must  often  direct 
his  bucker  on  the  opposite  side  of 
the  plane  wall  by  hammering  sig¬ 
nals  on  the  easily  marred  skin  cov¬ 
ering.  This  is  eliminated  and  pro¬ 
duction  speeded  up  by  the  use  of 
electronic  interphones  between  the 
two  men  for  communication. 

Another  application  for  such 
equipment  is  the  mating  operation 
of  large  sub-assemblies  where  in¬ 
stant  communication  between  the 
foreman  of  the  mating  crew  and 
the  craneman  in  the  loft  above  is 
necessary.  In  this  case,  visual  hand 
signals  are  often  used  although 
they  may  require  relaying  by  sev¬ 
eral  workers. 

The  photograph  shows  an  elec- 


Testing  the  sound-reflection  effects  of  a  speaker's  face  and  head  when  close  to  a 
microphone.  Sheets  of  Ozite.  one  inch  thick,  line  the  room  at  right  angles  to  the 
walls,  ceiling,  and  floor  under  the  platform 
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Etoctrenic  h««rtars  with  inductor  coils  connoclod  to  tortninols 
of  Oscillator  Typo  Tubas,  ora  usod  for  brazing,  soldaring, 
hordaning,  and  bonding  of  small  diamotor  ports,  thin  sac* 
tions  and  low  rosistanco  matoriols. 


GUARDIAN^  ELECTRIC 

U2S-D  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

«  CMfitTI  lilt  tf  ItltTS  SCIVIHI  AMItlCAH  «*• 


THERE’S  A  JOB  FOR 


^elcL^  BY  GUARDIAN 


Induction  hooting  costs  loss,  is  moro  dopondoblo  and  oosior  by  tho  oloc- 
tronic  mothod.  Sofor,  too,  ovon  with  inoxporioncod  hands,  whon  pro* 
toctod  from  impropor  oporation  by  quality  rolays  such  as  th'o  Guard¬ 
ian  Sorios  90  Intorlock  Rolay  and  tho  Sorios  L-500  Ovorload  Rolay. 

Sorios  90  Intorlock  Rolay  locks  mochanically  from  an  oloctrical 
impulso  and  unlatchos  or  rosots  from  anothor  such  impulso.  Com¬ 
binations  up  to  DPDT  availablo  with  12Vi  amp.  contacts  ratod  at 
110  V.,  60  cycios,  non-inductivo  load.  Coil  rosistancos  up  to  10,000 
ohms.  For  AC  or  DC  oporation. 

Sorios  L-500  Ovorload  Rolay,  manual  rosot,  protects  DC  circuits 
against  abnormal  curront  surgos  whoro  curront  conditions  aro  con¬ 
stant.  Contacts  can  tako  sovoro  ovorloads  undamagod,  cannot  bo 
rosot  during  ovorload.  Rated  for  1500  watts  on  110  v.,  60  cycio, 
non-inductivo  AC. 


Ssriss  USOO— OvsHead  Rolay 
Ask  for  BulUlin  R-5 


Sorias  90— Intorlock  Rolay 
Ask  for  Bullotin  21 


Consult  Guardion  wherever  a  tube  is 
used — however — Relays  by  Guard¬ 
ian  are  NOT  limited  to  tube  applica¬ 
tions  but  may  be  used  wherever 
automatic  control  is  desired  for 
making,  breaking,  or  changing  tho 
characteristics  of  electrical  circuits. 
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foot  apart,  extend  into  the  room  at 
right  angles  to  the  walls,  ceiling, 
and  floor.  These  alternate  from 
sev^  to  four  feet  in  depth  and  are 
used  to  trap  extraneous  and  re¬ 
flected  sounds. 

The  photograph  shows  the  use  of 
a  robot  head  to  test  the  sound  re¬ 
flection  effects  of  a  speaker’s  face 
and  head  when  close  to  the  micro¬ 
phone.  An  electronic  audio  oscil¬ 
lator  is  used  to  produce  tones  at 
various  frequencies  which  are  made 
to  i§^e  from  a  diaphragm  in  the 
robot’s  mouth.  Tests  are  made  on 
a  grilled  platform  located  11  feet 
above  liie  floor  and  supported  by 
vibration-isolated  feet. 

0 

WeMing  Current  Regulator 

By  B.  CoopfSi 

Xleetronica  Section 

Induetrial  Control  Euoineering  Divition^. 

General  Electric  Co. 

One  of  the  most  frequent  causes 
of  variation  in  resistance  weldiflg* 
current  is  a  variation  in  the  power 
supply  voltage  during  the  making 
of  the  weld.  Since  the  welding 
current  is  directly  proportional  to 
the  supply  voltage,  any  change  in 
the  supply  produces  a  proportional 
change  in  the  welding  current  un¬ 
less  compensations  are  made.  The 
current  regulator  to  be  described 
is  not  designed  to  maintain  the 
supply  voltage  at  its  normal  level 
but  nullifies  the  undesirable  effects 


of  variations  in  the  supply  voltage 
•and  permits  consistent  quality  weld¬ 
ing  comparable  with  that  produced 
on  a  power  line  having  only  a  few 
percent  regulation.* 


*  Condensation  of  a  j>aper  presented  be¬ 
fore  the  annual  meeting  of  the  American 
Welding  Society  In  October  1943.  at  Chi¬ 
cago.  For  purposes  of  consistency,  the 
symbols  employed  in  this  article  are  those 
commonly  used  in  communication  drcnlts. 


Other  causes  of  changes  in  the 
welding  current  are  either  a  change 
in  the  power  factor  of  the  welding 
transformer  and  load,  or  a  change 
in  the  impedance  of  the  trans¬ 
former  and  load,  or  a  combination 
of  these  two  effects.  These  changes 
may  be  caused  by  moving  the  elec¬ 
trodes  of  the  welding  machine  to 
alter  the  size  or  shape  of  the  sec- 


SimpUilad  diagram  oi  the  current  regulator  ior  resistance  welding.  The  unit  corrects  ior  Tariations  of  welding  current  result¬ 
ing  from  impedance  or  power  factor  changes  caused  by  the  welding  operation  os  well  as  supply  Toltage  changes 


ISO 
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IRC 

Will  BE 


with 

pOTtHtlOMETej,^ 


At  war  s  end,  IRC  will  be  prepared  to  furnish 
ample  quantities  of  resistors  of  all  types  to  meet 
Industry’s  post-war  needs. 

That  these  IRC  units  will  be  available  on  a 
mass  production  basis  is  due  to  the  fact  that,  in 
meeting  war  requirements,  we  have  developed  the 
Nation’s  largest  resistor  plant  using  the  most 
improved  and  efficient  types  of  specialized  equip¬ 
ment. 

ENGINEERING  HELP  FOR  YOU 

At  your  service  on  any  resistance  problems  in¬ 
volved  in  your  peacetime  product  design  plans 
is  our  Engineering-Research  staff.  You 

may  be  assured  that  all  projects  dis-  , '  - 

cussed  with  this  department  will  ^ 
be  held  in  strictest  confidence. 


FEATURES  OF  IRC  WIRE  WOUND 
POTENTIOMETERS  (TYPE  W) 

1.  Tight  unijorm  winding  on  specially  processed 
bakelite. 

2.  Vnijorm  contact  pressure  which  can  be  ad¬ 
justed  to  meet  application  requirements. 

3.  Welded  resistance  wire  terminations. 

4.  Only  one  wiping  contact-clock  spring  between 
center  terminal  and  contact  arm. 

5.  Designed  jor  maximum  stability  under  con¬ 

ditions  of  vibration  and  shock. 

^  ,  6.  Available  as  duals  and  triples  in 

^  combination  with  composition 
controls. 


will  be  as  large 


as  the  television  hook-up  that  will  telecast  the  game 
«  #  #  on  a  beam  of  electrons. 


Invisible  to  these  millions,  but  essential  to  television,  will  be 
transformers:  regulators  of  electronic  energy  . . .  The  intimate  ex¬ 
perience  gained  from  war  communication  musts,  will  be  applied 
by  Stancor  engineers  to  electronic  controls  of  the  future — an  in¬ 
calculable  plus  value... Refinement  in  transformers  spells  Stancor. 


ST&NCOB 


STANDARD'!  transformer  CORPORATION 
1S00  NORTH  HALSTED  STREET  •  CHICAGO 


SEND  FCI 
NEW 

COMPLETE 

CATALOG 


Manufacturers  of  quality  transformers,  reactors, 
rectifiers,  power  packs  and  allied  products  for  the 
electronic  industries. 


ondary  throat  to  fit  a  specific  weld¬ 
ing  job  or  the  introduction  of 
magnetic  material  into  the  throat 
of  the  welder.  The  latter  instance 
changes  the  secondary  inductance 
and  tends  to  make  the  welding  load 
more  reactive,  while  at  the  same 
time  eddy  current  and  hysteresis 
losses  in  the  magnetic  material 
projecting  into  the  throat  increase 
the  effective  resistance  of  the  sec¬ 
ondary. 

A  third  condition  exists  where 
the  welding  machine  is  used  to 
make  welds  which  may  alternately 
require  a  welding  gun  connected 
in  parallel  with  the  secondary  of 
the  welder.  This  requires  a  cer¬ 
tain  amount  of  cut-and-try  juggling 
to  get  identical  results.  On  a  setup 
of  this  type  the  current  regulator 
can  maintain  constant  electrical 
welding  conditions  irrespective  of 
the  projection  of  material  into  the 
throat  of  the  welder  and  irrespec¬ 
tive  of  whether  the  weld  is  made 
between  the  main  electrodes  or 
with  the  welding  gun. 

Applieatunu 

One  application  of  the  control 
involved  the  welding  of  propter 
blades  where  different  amounts  of 
steel  projected  into  the  throat  of 
the  welder  at  various  times  and 
caused  changes  in  the  welding  cur¬ 
rent  which  could  not  be  tolerated. 
Another  application  was  in  the 
making  of  oil  and  gas  drums  where, 
at  one  time  during  welding,  the 
entire  drum  projected  into  the 
throat  of  the  welder.  The  variation 
in  welding  current  at  different  posi¬ 
tions  of  the  drum  was  about  40 
percent  before  the  current  regula¬ 
tor  was  installed  and  constant 
manual  readjustment  was  required. 
Without  readjustment  the  drum 
was  burned  severely  at  one  point 
and  not  even  tacked  together  at 
another.  The  welding  regulator 
held  the  welding  current  within  1 
percent  of  normal  throughout  the 
range  and  permitted  uniform  welds 
to  be  obtained. 

Operation 

The  circuit  of  the  current  regula¬ 
tor  is  shown  in  simplified  form. 
The  regulator  consists  of:  first,  a 
special  tungsten  filament  rectifier 
tube  which  measures  the  rms  weld¬ 
ing  current;  second,  a  comparison 
and  amplifying  circuit  for  compar¬ 
ing  this  value  of  welding  current 
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RCA -2021 


And  it  „ — ^  .  „  - , — - 

miSiamperu  peak.  The  2D21  is  ■  fsa-typel&lrede  eleo 
itrically  similar  to  the  well-kaown  RCA-20S0. 

I  In  addition  to  its  small  size,  RCA>2D21  has  many  appli- 
IctUon  advanugea— for  example: 


Inw  latonMi  Drop:  Only  8  volts! 

Any foUrtow  Moimtiiig:  The  2D21  is  xenon-filled;  no 
nertnry  to  limit  mounting  position,  or  to  restrict  motion 
while  in  operation.  , 

Wkk  Tamporatvro  Rnngot  Hie  2D21  has  wide  tempera- 
tore  limits:  — S5  to  -}-90°C,  with  little  change  in  operating 
characteristics  over  the  entire  range. 

Qwidc  Hoatingi  Anode  voltage  may  be  applied  not  less 
than  10  seconds  after  application  of  heater  voltage. 

paMe  Oporatioiit  The  inherent  stability  of  this  type  of 
pw-filled  thyratron  makes  greater  control-circuit  sensi¬ 
tivity  possible.  Low  grid-anode  capacitance  makes  the 
!D21  insensitive  to  line-voltage  surges. 

Vsnatility  •#  Control:  You  can  control  the  operation  of 
Ok  2D21  by  means  of  both  the  shield  grid  and  the  control 
grid.  This  makes  for  flexibility  of  control  where  needed. 

Isw  Procondoction  Corronti  Electrode  structure  provides 
low  preconduction  current  right  up  to  the  start  of  con- 

ijUftiMn. 


UTS 


MoiStrwItt  (A.C.  w  D.C.) . 1.3 

Hoator  anpors . 0.t 

Tabs  Sra#  (Asprox.) . S  vaita 

Max.  avarall  toasHi . :2Vb  la. 

Max.  soataS  balpM . 1%  la. 

Balb  . T-S'/t 

BaM . Mlalatara  Battaa  7-pla 

Aaibiaat  Ttaip.  Baapa  -33°  ta  4S0°C. 


MAXIMUM  IIATIN6S 

Paak  FarwarS  AsaSa  Valts . SSO 

Paak  lavtna  AaaSa  VaKs . 1300 

ShlaM-sriS  Vaitt  . -lOS 

Caatral-prM  Yalta . -ISS 

Paak  CatbaSa  Mllliaaiparaa . 300 

Aaarapa  CatbaSa  Mllliaaiparaa . 100 

Max.  Caatral-prlS 

Ciraalt  Raaiataaaa . 10  Matahiaa 


Mgh  SonshhrHyt  Grid  current  of  this  tube  lb  very  low; 

a  high  resistance  can  be  used  in  the  grid  circuit, 
providing  high  sensitivity.  A  high-vacuum  phototube  can 
be  coupled  to  a  2D21  without  intervening  amplifier. 

Wfli  Current  Rntings:  For  periods  up  to  6  seconds  out  of 
30,  the  2D21  will  safely  carry  0.S  ampere  plate  currenL  It 
will  carry  0.1  ampere  continnooaly. 

Nssd  fwrtlinr  InfarmnllonT  RCA  application  engineers 
will  be  ^ad  to  help  yon  in  applying  the  RCA-2D21  and 
alher  RCA  tubes  to  your  design  problems.  Write  to  Com- 
nercial  Engineering  Section,  Radio  Corporatien  of  Amer¬ 
ica,  Harrison,  N.  J. 


RCA  710  So.  Fifth  Street,  Harrison.  N.  J. 

Please  rush  data  sheet  containing  curves,  drawings,  and 
other  application  data  on  RCA-2D21  miniature  thyra¬ 
tron  to: 


Company , 
Address  ... 

City . 


TppiMl  A-C  ppwatlpa:  RMS  AssS#  VsKt.  400;  SbiaM-trM  VpM*.  0;  RMS 
CMrtm-srtS  aiM  Valtc.  3;  Csstrsl-ariS  Slpaal  Vsltt  (PmUi).  S;  Cpstral-orlS 
CIrMilt  RMittePM,  I  Mpsabai;  AppSp  Cirtpit  RppMpppp.  2S0S  pbPM. 


SEND  THIS  FOR  DATA  SHEET 


RADIO  CORPORATION 
OF  AMERICA 


CRYSTAL  RESEARCH  LABORATORIES 


TWENTY-NINE  ALLYN  STREET,  HARTFORD,  CONNECTICUT 


'Think  we  could  better 
control  with  cry$tmls  ?** 


call  in  Crytalab 


FOR  THE  ANSWER  to  many  communications  problems,  whether  they 
involve  crystals  or  not,  more  and  more  manufacturers  have  formed  the 
habit  of  calling  in  Crystalab. 

In  the  supply  of  crystals  to  rigid  specifications  and  in  their  application 
to  problems  of  frequency  control,  Crystalab  has  been  privileged  to  serve 
the  industry  and  the  armed  services  many  times.  Government  procurement 
specifications  serve  as  the  standard  for  all  of  industry  and  have  been  met 
by  Crystalab  from  the  beginning  of  the  demand  for  crystals  in  quantity. 


This  was  possible  only  for  these  reasons: 

1  Crystalab  engineers  brought  to  the  industry,  long  experience  in 
the  solution  of  electronic  and  communications  problems. 


2  Crystalab  testing  equipment  includes  the  finest  instruments 
money  can  buy,  plus  many  special  instruments  designed  and 
built  in  the  laboratory,  to  meet  specialized  needs. 

3  Crystalab  manufacturing  equipment,  most  of  it  specially  de¬ 
signed  and  built,  is  capable  of  producing  crystals  in  any  quantity, 
within  the  narrowest  frequency  tolerances. 


Crystalab  facilities  are  at  your  service,  ready  to  help  with  your  current 
or  postwar -planning  problems.  If  experienced  help  in  electronic  research, 
design  and  manufacture  is  your  need,  you  will  do  well  to  .  .  . 


Cof/yright  1944  by  Cryatul  Hesearrh  Ijabormtoriea,  Imc. 


with  a  normal  value  and  giving  a 
signal  proportional  to  any  deviation 
from  normal;  and  finally,  a  phase- 
shifting  circuit  for  controlling  the 
power  ignitrons  in  the  main  weld- 
ing  control. 

In  order  to  hold  the  welding  heat 
at  a  constant  value,  it  is  necessary 
to  keep  the  rms  value  of  the  weld¬ 
ing  current  constant.  This  is  done 
by  placing  a  current  transformer 
in  the  line  supplying  the  welding 
transformer  and  using  the  sec¬ 
ondary  current  output  to  control 
the  welding  current  regulator. 

The  heart  of  the  regulating  sys¬ 
tem  is  the  tungsten  filament  rec¬ 
tifier,  Tube  3,.'  whose  filament  is 
heated  by  the  current  from  the 
current  transformer  and  whose  out¬ 
put  is  proportional  to  this  current 
Since  an  identical  facsimile  of  the 
actual  welding  current  from  the 
current  transformer  heats  the  fila¬ 
ment  of  this  rectifier  tube,  any 
variation  in  the  heat  at  the  weld 
caused  by  current  changes  will  pri>- 
duce  a  like  variation  in  the  tem¬ 
perature  of  the  rectifier  filament 
The  output  of  this  rectifier  tube, 
which  is  operating  in  an  emission- 
limited  state,  will  be  directly  pro¬ 
portional  to  the  filament  tempera¬ 
ture  and  to  the  heating  value  of 
the  welding  current,  and  will  there¬ 
fore,  be  a  true  measure  of  the  rms 
welding  current. 


I  Control  panel  of  the  current  requlolor 
lor  correctinq  variation  of  reeistane* 
welding  current 


The  output  of  the  emission- 
'  limited  tube  is  compared  with  a 
reference  voltage  appearing  across 
part  of  the  voltage  divider  on  the 
1  d-c  control  supply.  This  reference 
or  comparison  voltage  is  held  es¬ 
sentially  constant  by  virtue  of  the 
voltage  stabilizing  action  of  trans¬ 
former  T„  so  that  it  will  not  be 
affected  by  variations  in  the  con¬ 
trol  voltage.  The  difference  be- 
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SCOVILL  SPECIALIZES  IN  COLD-FORGED 


COLD-FORGING  skill  mastered  that  job  illustrated 
above— it  was  cold-forged  by  Scovill  special¬ 
ists.  Many  buyers  of  special  designed  ieistenings 
believed  their  job  could  not  be  cold-forged 
until  they  were  shown  just  what  cold-forging 
ingenuity  could  accomplish. 

That  is  where  Scovill  comes  in.  It  is  our  job 
at  Scovill,  not  only  to  serve  you  effectively  by 
helping  select  the  exact  cold-forged  fastenings 
that  will  best  fill  your  specific  requirements, 
but  also  to  advise  you  just  what  fastenings  can 
and  should  be  cold-forged. 

To  serve  you  effectively  —  we  must  understand 
your  particular  problems  thoroughly— help  you 


to  choose  between  "standard"  and  "special" 
fastenings  —  advise  you  Ccindidly  whether  cold¬ 
forging  can  and  should  be  employed  to  obteun 
the  best  results  —  design,  or  help  you  design, 
the  fastening  device  most  advantageous  to  your 
assembled  product  —  deliver  your  job  for  mini¬ 
mum  money —  materials  —  motions. 


Save  time,  trouble,  money —  as  many  Scovill  | 
cristomers  have  done  —  by  calling  in  one  of  ! 
our  F astenings  Experts  from  our  neaurest  office  | 
to  plan  your  fastenings  when  the  product 

is  still  in  the  design  stage.  I 


Scovill  Manufacturing  Company 
Waterville  products  Division 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 


NEW  YORK,  ClHYSlw  BaiMiig  .  DETROIT.  6432  Cass  kmm  •  CHICAGO,  1229  W.  WasMuftoa  Boaitvafd  .  PHILAOaPHIA,  18  W.  Ckaltaa  Avama  BaiMlat 
PITTSBURGH.  2882  W.  UMrtf  Ava.  -  SYRACUSE,  Sfncisa •  KMpar  lasaraaea  BMg. .  LOS  ANGELES.  2627  S.  Sots  St .  SAN  FRANCISCO.  434  Braaui  St 
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RCA  has  installed  standard  broadcast  transmitters  all  over  the  world. 
RCA  also  has  led  in  development  of  short-wave  transmitters  specifically 
designed  for  international  broadcasting. 

The  50  KW  Short-Wave  Transmitter  shown  at  the  right  is  one  of  more 
than  twenty-five  of  this  type  built  by  RCA  in  the  last  two  years. 

This  is  the  first  high-power  short-wave  transmitter  to  be  built  to  broad¬ 
cast  standards  and  to  include  such  features  as  high-level  modulation, 
front  access  doors,  vertical  chassis  construction,  and  streamline  styling. 

RCA’s  broad  experience  in  every  field  of  broadcasting — AM,  FM,  Tele¬ 
vision  and  Short-Wave — is  a  powerful  and  effective  force  in  aiding  all 
phases  of  the  industry.  RCA  quality  is  the  standard  of  the  industry. 


RCA  BROADCAST  EQUIPMENT 


RADIO  CORPORATION  OF  AMERICA 


RCA  experience  in  AM,  FM  and  Television  — 
plus  world-wide  organization — paved  the  way! 


The  50  KW  Transmitter  of  Radio  Nacional,  Rio 
de  Janeiro,  Brazil,  shown  below,  is  one  of  more 
than  twenty-five  of  these  50  KW  transmitters 
built  and  installed  by  RCA  in  the  last  two  years. 

Most  of  these  units  are  already  taking  an  active 
part  on  the  broadcasting  front  of  this  global  war. 

Never  before  were  so  many  hieh -power  broad¬ 
cast  transmitters  of  a  single  oesign  built  and 
installed  in  so  short  a  time. 


The  RCA  50  KW  short-wave  transmit¬ 
ter  of  Radio  Nacional,  Rio  de  Janeiro, 
Brazil.  This  transmitter  is  high-level 
modulated,  uses  audio,  modulator  and 
control  circuits  similar  to  those  of  the 
RCA  50-E  transmitter.  Two  complete 
T-f  units  provide  for  instantaneous 
frequency  change-over.  Other  features 
similar  to  broadcast  design  include 
walk  -  in  construction,  front  -  access 
doors,  and  streamline  styling. 


tween  the  output  voltage  of  the 
emission-limited  tube  and  the  ref¬ 
erence  standard  is  applied  to  the 
grid  of  the  first  stage  of  a  t'^vo- 
stage  amplifier.  The  direct  voltage 
of  the  two-stage  amplifier  is  used 
as  the  d-c  component  in  an  a-c, 
d-c  phase-shift  system  employing 
thyratron  tubes  7  and  8  and  trans¬ 
former  T.  as  a  source  of  excitation 
for  the  peaking  transformer  on 
the  main  welding  panel.  This  peak¬ 
ing  transformer  produces  a  peaked 
output  voltage  whose  phase  corre¬ 
sponds  to  the  point  of  firing  of 
Tubes  7  and  8.  The  peaked  output 
voltage  controls  the  firing  tubes 
and  hence  controls  the  ignitrons. 

Moving  Firing  Point 

Regulation  of  the  welding  cur¬ 
rent  is  accomplished  by  changing 
the  point  of  firing  of  the  ignitrons. 
If  the  welding  current  tends  to  de¬ 
crease,  the  firing  point  is  auto¬ 
matically  moved  to  a  point  earlier 
in  the  cycle,  thereby  permitting 
the  ignitrons  to  carry  current  over 
a  larger  portion  of  the  cycle.  If  on 
the  other  hand,  something  attempts 
to  make  the  currmt  increase,  this 
firing  point  is  retarded,  thereby  re¬ 
ducing  the  time  of  current  con¬ 
duction  per  cycle  and  decreasing 
the  current  to  normal.  The  new 
firing  point  is  chosen  by  the  reg¬ 
ulator  so  as  to  make  the  rms  value 
of  welding  current  constant. 

Following  through  one  regulat¬ 
ing  operation,  assume  that  the 
welding  current  is  higher  than  the 
nominal  setting.  Under  this  condi¬ 
tion,  the  filament  of  the  emission- 
limited  rectifier.  Tube  3,  will  be 
hotter  than  normal,  and  will  cause 
the  output  of  this  tube  to  be  greater 
than  normal.  The  difference  in 
voltage  between  the  reference 
standard,  and  the  output  of  Tube 
3,  will  make  the  grid  of  the  first 
amplifying  tube  more  negative. 
The  resulting  action  of  the  two- 
stage  amplifier  is  that  the  plate 
of  the  second  stage  moves  more 
negative,  causing  the  peaker  ex¬ 
citing  tubes  to  be  phase  retarded. 
This  in  turn,  retards  the  point  at 
which  the  power  ignitrons  are 
j  made  conducting  and  thereby  re- 
;  turns  the  current  to  normal. 

Regulation 

Control  of  current  by  changing 
j  the  point  of  firing  is  obviously 
i  limited  to  operation  below  100  per- 
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WHAI  IS  THi  MITAPIAST  GUILD*? 


The  Metaplast  Guild  is  a  licensed  group  of 
Metaplaters,  firms  licensed  to  Metal  Plate  on 
Plastics  under  the  patents  of  the  Metapla3t  Com¬ 
pany.  In  this  group  are  firms  which  metal  plate 
plastics  for  their  own  manufactured  items  and 
also  firms  which  operate  job  shops. 


1.  Have  a  Metaplast  Guild  member  in  your 
vicinity  metal  plate  your  plastic  parts  and  items 
for  you.  Present  day  war  work  or  post-war  plan¬ 
ning  are  of  equal  interest  to  the  Guild. 

2.  Apply  for  membership  in  the  Metaplast  Guild 
...  as  a  Guild  member  you  can  Metaplate  your 
own  fabricated  parts. 

Drop  us  a  note,  we*ll  have  a  Guild  member  call 
on  you— or  write  for  booklet  **Metaplast  Process 
and  Licensee  Plan**. 


* MEl APIAST  GUILD  .  .  •  Firms  Licensvc/  und«r  M«tapfasf  Process 
Patent  numbers— 2/2?4,646— 2^303,871— U.  S.  and  Foreign  Patents 
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cent  or  less  than  full  sine-v^avi 
current  conduction.  Once  full  sine- 
wave  conduction  is  reached,  no 
further  regulaticm  of  the  weld  cur¬ 
rent  can  be  expected.  At  pi^intg 
below  the  full  sine- wave  condition 
the  regulator  will  hold  the  welding 
current  to  within  ±2  percent  of 
the  nominal  setting,  for  changes 
that  would  otherwise  have  produced 
a  :±:20  percent  variation  in  weld¬ 
ing  current  And  ±20  percent 
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ulating  possibilities.  This  regula¬ 
tor  will  hold  the  current  essentially 
constant  over  a  possible  5  to  1 
change  in  current,  having  a  reg¬ 
ulating  error  over  this  range  in 
the  order  of  5  percent. 

Filament  Switching 

Since  welding  current  does  not 
flow  continuously  in  the  welding 
line,  the  filament  of  the  emission- 
limited  tube  would  be  heated  only 
intermittently  if  some  other  means 
were  not  provided.  It  is  necessary 
to  have  the  filament  of  the  emis¬ 
sion-limited  tube  already  near  its 
normal  operating  temperature  in 
order  to  eliminate  any  appreciable 
thermal  lag  which  would  hinder 
fast  and  accurate  control  at  the 
start  of  each  weld. 

The  control  provides  a  stand-by 
source  of  voltage  to  excite  the  fila¬ 
ment  of  Tube  3  when  no  line  cur¬ 
rent  is  flowing.  This  allows  the 
emission-limited  tube  filament  to 
be  preconditioned  according  to  the 
magnitude  of  the  stand-by  source 
of  voltage.  At  the  instant  welding 
current  does  flow,  the  filament  of 
Tube  3  is  switched  from  the  stand¬ 
by  source  to  the  voltage  supplied  by 
the  line-current  transformer. 

The  initial  cycle  of  weld  current 
will  have  a  magnitude  determined 
by  the  temperature  of  Tube  3  at 
the  instant  prior  to  the  starting 
of  the  weld.  By  controlling  and 
regulating  the  filament  current 


One  call  to  Allied  .  .  .  and  your  pro¬ 
curement  job  is  done!  There’s  no  lost 
time  —  no  waste  motion.  Today’s 
largest  and  most  complete  stocks  are 
concentrated  here  under  one  roof. . . 
Over  10,000  electronic  and  radio 
items  .  .  .  ready  for  rush  delivery  to 
the  Armed  Forces,  Government,  In¬ 
dustry  and  Research  Laboratories. 

What’s  more '.  .  .  close  contact  with 
all  leading  manufaaurers  enables  us 
to  simplify  and  speed  procurement 
of  many  diversified  needs.  You  deal 
with  one  source,  instead  of  many.  You 
send  one  order  for  everything.  Whether 
you  need  one  item  or  a  hundred  .  .  . 
save  time  and  work  .  .  .  Call  Allied 
First.  Thousands  do. 

Write,  Wire,  or  Phone  Haymarket 6800 


Today’s  Most 
Complete 
Helpful 
BUYING 


NEW  Rapid  R-F  RssoMMceaml  Coil  Windiog  Calcirfater 

New,  dual-purpose  Calculator  devised  by  Allied  for  fast 
and  accurate  determination  of  resonance  factors  and 
coil  winding  data.  Simple,  easy  to  use.  Send  for  it  now. 
No.  37-955.  Price  net,  only . 25c 


OVIK  10,000  irilKS—stti  as: 

Tubes  Transformers  Microphones 

Condensers  Relays  Headphones 

Capacitors  Switches  Public  Address 

Resistors  Rectifiers  Meters 

Rheostats  Wire  &  Cable  Test  Equip. 

Coils  Crystals  Intercom. 

Sockets  Speakers  Power  Supplies 

Rhoto  Cells  Receivers  Converters 

Batteries  Training  Kits  Generators 

Chargors  Cede  Equip.  Teels 
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WIRING  HARNESSES 
★ 

BONDING  JUMPERS 
★ 

CABLE  ASSEMBLIES 
★ 

AIRCRAFT  and  RADIO 

CABLE  PRODUCTS 


Through  heavy  seas  and  swirling  surf,  across  scorching  sands 
and  through  deingerous,  dense  jungles,  Uncle  Sam's  "Water  Buf¬ 


falos"  are  carrying  our  fighting  men  to  Victory. 


Now  that  it  can  be  told,  we  are  proud  to  report  that  Whitaker  sup¬ 
plies  the  cable  assemblies  and  wiring  harnesses  for  the  LVT  "Water 
Buffalos"  built  for  our  government  by  the  Food  Machinery  Corp. 

The  above  is  but  one  of  many  ways  in  which  Whitaker  works  with 
other  manufacturers  in  the  production  of  war  needs.Possessing  a  back¬ 
ground  of  24  years'  experience  in  the  automotive,  electrical  and  radio 
fields,  Whitaker  has  the  "know-how",  skilled  manpower,  and  ample 
plant  facilities  for  a  big  volume  of  wartime  and  post-war  production. 

We  solicit  your  inquiries.  Please  mail  a  wiring  diagram  or  blue¬ 
print  of  the  assembly  required . .  .Whitaker  Battery  Supply  Company, 
Kansas  City,  Mo.,  St.  Joseph,  Mo.,  Philadelphia,  Pa.,  and  Oakland, Cal 


WHITAKER 
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at  an  arbitrary  value  to  be  approxi- 
mately  the  same  as  the  following 
cycles  of  welding  current,  it  is  ap- 
parent  that  should  the  duration  of 
the  welding  cycle  be  made  too  short, 
any  error  in  the  manual  presetting 
of  the  starting  weld  current  will 
become  an  appreciable  part  of  the 
total  welding  heat.  For  this  reason, 
minimum  “on”  or  weld  time  of  not 
less  than  six  cycles  is  recommended. 
Also,  in  the  switching  of  the  emis¬ 
sion-limited  tube  filament  from  the 
current-transformer  voltage  back 
to  the  stand-by  source,  a  small 
transient  is  introduced  in  the  con¬ 
trol  circuit.  In  order  to  be  sure 
this  transient  has  completely  died 
away,  the  minimum  “off”  or  cool 
time  during  seam  or  pulsation 
welding  should  be  not  less  than 
four  cycles. 

If  variations  in  the  welding  cur¬ 
rent  occur  as  a  function  of  line 
voltage  fluctuations,  then  a  more 
simplified  control  than  the  one  de¬ 
scribed  here  may  be  used.  This 
type  of  control,  known  as  a  welding 
voltage-regulating  compensator, 
will  maintain  the  welding  current 
to  closer  than  3  percent  of  the 
nominal  current  setting  for  a  plus 
5  percent  to  minus  26  percent  volt¬ 
age  change.  However,  if  varia¬ 
tions  in  the  welding  currents  occur 
as  a  result  of  impedance  or  power 
factor  changes,  in  addition  to  pos¬ 
sible  voltage  variations,  then  the 
current-regulator  control  described 
is  recommended. 


NGINEERED  FOR  EXACTING  PERFORMANCE 


Electronic  Control 
for  Burning  Machine 
Bv  Dallas  A.  Miller 

The  circuit  of  an  electronic  con¬ 
trol  for  a  burning  machine,  used  in 
cutting  large  metal  plates  for  ships, 
is  shown  in  the  diagram.  The  unit 
provides  an  even  motor  speed  both 
forward  and  reverse.  Where  a  me¬ 
chanical  governor  is  used  for  this 
purpose  there  is  a  variation  due  to 
the  lag  of  the  governor,  and  the 
resultant  uneven  speed  of  the  mo¬ 
tor,  although  comparatively  slight, 
slows  down  the  burning  operation. 

The  electronic  control  was  applied 
to  a  burning  machine  that  runs  on 
tracks  and  burns  off  and  trims 
large  steel  plates,  some  as  thick  as 
li  in.  and  as  long  as  30  feet.  The 
plate  is  placed  in  proper  alignment 
with  the  machine,  the  acetylene 


Base  to  plane,  ship  to  ship,  and  wherever  radio 
communication  is  vital  in  the  war  effort  .  .  . 
“ERCO-Built"  Transmitters  and  Receivers  are  prov- 
ing  efficient  and  dependable.  Because  in  research, 
design,  and  manufacture,  the  painstaking  skill 
and  expert  talent  behind  ERCO  engineering  assure  the  technical  per¬ 
fection  that  only  long  years’  knowledge  and  experience  can  provide. 
Although  largely  occupied  in  wartime  production,  we  are  in  a  position 
to  meet  your  present  requirements  for  specialized  radio  equipment,  priori¬ 
ties  of  course,  or  to  help  plan  your  postwar  needs.  Your  inquiry  invited. 


ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Monufacfurers  of  CUSTOM  BUILT  RADIO  APPARATUS 
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FLEXIBILITY  OF  CIRCUITS 

one  of  seven  special  features  described 


Communication  Products  Company  describes  in 
this  new  booklet  the  many  features  of  these  ex¬ 
ceptional  switches — developed  after  careful  research 
and  a  thorough  testing  of  their  performance  in  the 
laboratory. 

The  use  of  pure  silver  in  the  construction  of 
STERLING  SWITCHES  makes  unnecessary  the  high 
spring  pressures  ordinarily  required  to  cut  the 
insulating  oxides  formed  on  the 
base  metal  contacts  commonly 
used  on  this  type  of  switch.  The 
reduction  in  friction  thus  effected 
provides  great  ease  of  operation 
in  multiple-section  assemblies. 

Careful  planning  of  contact  ar¬ 
rangement  assures  maximum  volt- 
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age  flash-over  between  all  parts  of  the  switch  and 
frame. 

Described  and  illustrated  in  detail  is  the  design 
which  gives  to  STERLING  SWITCHES  a  maximum 
of  strength  and  rigidity  with  a  minimum  of  weight. 
Illustrated  also  is  the  unusual  flexibility  in  circuit  de¬ 
sign  which  is  possible  with  STERLING  SWITCHES. 

Send  for  vour  copy  of  this  informative  booklet  today. 
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One  of  these  days  the  confetti  will  fly  and  we’ll  welcome 
home  the  millions  of  our  heroes  to  enjoy  the  peace  they’ve 
won.  That’s  the  way  it  should  be. 

But  there  are  other  heroes,  too— among  them  the  staunch 
instruments  that  helped  to  give  our  planes,  our  ships,  our 
guns  their  incredible  power  and  precision. These  instruments 
are  saving  lives,  are  shortening  the  war,  are  hastening  the 
defeat  of  our  enemies. 

When  the  war  is  won,  there  will  be  other  jobs  for  them 
to  do— in  the  professions,  in  the  sciences,  in  industry.  High 
among  these  servants  of  the  peace  will  be  the  instruments 
made  by  Boes.  In  peace,  as  in  war,  the  sustained  accuracy*  of 
Boes-made  instruments  will  be  prized  by  all  who  use  them. 

*  SUSTAINED  ACCURACY  is  not  an  easy  quality  to  achieve.  It 
must  take  into  account  all  factors  of  use— must  then  employ  the 
design,  the  alloys,  the  construction  that  infallibly  protect  an 
instrument  against  all  threats  to  its  reliable  performance.  Such 
instruments,  obviously,  must  be  built  with  performance — not 
price— in  mind.  We  invite  the  inquiries  of  those  who  are  interested 
in  such  standards. 


instruments 


for  Measuring,  Metering  &  Testing  Equipment 

THE  W.  W.  BOES  COMPANY,  DAYTON,  OHIO 


Componrats  of  tho  oloctronic  dovlc* 
addod  to  Ih#  burning  machino  for  tpaad 
control.  Tho  thyrotrona  supply  curroat 
to  tho  motor  ormaturo  whilo  tho  ttoH 
is  onorgisod  by  tho  small  rocoiviag 
typo  tnbo 

torches  are  lit,  and  the  machine 
moves  across  the  plate,  burning  as 
it  travels.  The  torches  can  be  ad¬ 
justed  to  any  angle  to  give  the 
proper  bevel  to  the  cut.  Thus,  one 
side  may  be  cut  straight  and  the 
other  side  at  a  45-deg  angle. 

Both  sides  are  cut  at  the  same 
time,  with  the  torches  secured  a 
certain  distance  apart,  to  insure  a 
uniform  piece  of  metal.  If  one  side 
were  cut  at  a  time,  there  would  be 
the  chance  of  bulge  of  a  fraction 
of  an  inch  in  various  places  due  to 
heat  warping  the  plate.  The  even 
cut  of  the  plate  is  important  since 
the  plate  must  fit  the  allotted  por¬ 
tion  of  the  ship’s  hull. 

With  the  electronic  unit,  the  var¬ 
iation  is  eliminated  and  the  speed 
is  so  uniform  that  it  is  possible  to 
bum  10  in.  per  minute  where  before 
only  5  in.  could  be  burned.  In  other 
places  where  it  was  usual  to  bum 
13  in.  per  minute  it  is  now  possible 
to  bum  17  in.  because  the  preheat 
travels  at  a  uniform  speed  instead 
of  spasmodically.  The  control  can 
be  adjusted  to  bum  from  i  to  10 
in.  per  minute,  and,  although  de¬ 
signed  for  the  Link  Belt  burning 
machine,  can  be  used  on  any  motor- 
driven  equipment  such  as  drill 
presses,  small  lathes  and  the  like. 

The  same  electronic  system  can 
be  used  to  control  the  motor  speed 
of  a  coil  winder.  A  foot  pedal  is 
used  which  is  in  turn  connected  to 
the  variable  auto  transformer  to 
control  the  speed  of  winding  the 
coil.  This  permits  the  operator  to 
lead  the  wire  evenly  onto  the  vari¬ 
ous  layers ;  if  trouble  occurs,  he  can 
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f^lUyin  manufacturing,  electronic,  maintenance  and  public  utility  lieldM 
fflilte,  the  promise  of  unvarying  quality  which  these  trade  names  imply. 

However  diversified  your  insulating  requirements  may  be — you  will 
liod,  in  the  products  and  facilities  of  Mica  Insulator  Company— a  supply 
.ource  equipped  to  help  you  meet  your  needs  and  to  complement  your 
ohh  product  research  with  half  a  hundred  years  of  irreplaceable  exfieri- 
ence  in  insulation. 


•Tin  smiCATiom; 

SShSTtaSatSi  Built-up  mica— the  original 

coilfornwandqiXMki,  and  trade- marked  product  of 

high-tension  tami-  Mica  Insulator  Company — 

******  hamom,  consists  of  thin  mica  splittings, 

ouS  bonded  into  composite  sheets, 

rods  and  tubes.  It  is  almost 
universally  used  for  V-rings  in 
motors  of  all  sizes,  from  the 
largest  D.  C.’s  to  the  compact,  new  design  fractional 
;  horsepower  motors  for  military  and  postwar  civilian  use. 
'V-rings  can  be  furnished  in  one  (shown  right)  or  two 
?  pieces,  or  as  sectional,  fitted  rings. 


M  I  C  A  N  I  T  E  — 
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OTaa  APfucitiiom: 

CCoil  wrapping  and 
•nd  insulation  and 
other  uses  where 
apace  saving,  plus 
good  mechaniod  and 
electrical  strength 
are  important  fac¬ 
tors. 


LAMICOID 
AND  FIBERGLAS- 

A  specialized  product  of  Mica 
fnsulator  Company,  for  use  in 
applications  requiring  resist¬ 
ance  to  elevated  temperatures. 
Low  moisture  absorption  and 
high  dielectric  strength  pro¬ 
vide  plus  protection  for  motors 
operating  under  adverse  con- 
,  and  is  extensively  used  for  slot 
end  insulation. 

SILK  AND 
M  I  C  A  N  I  T  E  — 

Composed  of  mica  splittings, 
faced  on  both  surfaces  with 
silk  or  with  silk  on  one  side 
and  1-mil  condenser  paper  on 
the  other.  The  tape  (illus¬ 
trated)  is  an  im'portant  insula¬ 
tion  in  the  construction  of 
Diesel  -  powered  locomotives. 


MICA  INSULATOR  COMPANY 

»00  VARICK  STREET,  NEW  YORK  14,  N.  Y. 

400  W.  Van  Itiivn  Si.  •  Clavaland:  1274  W.  3r4  Si.  •  DalroM:  Baob 
a  QikIiiimH:  HoMl¥food  •  Button:  ColiHiibwt  Av«fH« 

Sisllto,  Im  Awf  111  cimI  %mn  FrcncUc#  — Angvt  Iik. 
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immediately  stop  and  make  the 
necessary  corrections. 

The  unit  may  also  be  used  for 
controlling  the  rotation  of  welding 
turntables  and  for  testing  the  coils 
of  a  stator  to  determine  the  polar¬ 
ity  of  the  poles.  This  is  done  by 
disconnecting  the  motor  leads  and 
connecting  the  two  armature  leads 
to  the  coils  of  a  3-phase  motor  in 
the  customary  testing  sequence. 


Electronic  Radio 
Range  Monitor 

A  NEW  AUTOMATIC  radio  range  mon¬ 
itor  for  use  at  airports  provides  in¬ 
stant  warning  if  any  radio  course 
shifts  as  little  as  3  deg  from  its  nor¬ 
mal  setting,  or  fades  below  its  nor¬ 
mal  strength.  The  monitor  may  be 
adjusted  to  operate  all  warning  de¬ 
vices  with  a  range  course  shift  of 
less  than  1  deg. 

The  course  monitor  receiver  is 
located  1200  feet  from  the  radio 
range  station,  directly  on  the  radio 
course,  and  is  connected  through  a 
telephone  line  to  an  indicator  panel 
in  the  airport  control  room.  Four 
required  for  all  the 


You  see  here  four  of  Operadio’s  many  war  assignments  ...  all 
equipment  that  is  "in  the  thick  of  it”  on  the  battle  front  and  on 
the  training  front.  And  exciting  new  electronic  problems,  details  of  which 
cannot  be  told,  are  now  in  work.  Operadio-built  communication  arteries  that 
link  the  lK»mber  pilot  with  his  crew  and  the  tank  commander  with  his 
gunners  .  .  .  that  forge  all  units  on  shipboard  into  a  combat  team,  have  a 
significance  to  Aineri<^n  busine.ss  beyond  an  earlier  Victory.  This  war-won 
electronic  "know-how”  can  serv'e  your  business,  whatever  it  may  be! 


receivers  are 
four  radio  courses  of  the  standard 
CAA  four-course  radio  range. 

So  long  as  the  radio  course  does 
not  shift,  the  monitor  receiver  con¬ 
tinuously  picks  up  the  interlocking 
A  and  N  signals  transmitted  by  the 
range  station.  If  the  course  shifts, 
either  the  A  or  the  N  signal  begins 
to  predominate,  the  amount  of  the 
course  shift  being  indicated  by  the 
comparative  difference  in  strength 
between  the  A  and  the  N  signals. 
When  this  happens,  the  monitor 
receiver  automatically  transmits 
an  electrical  impulse  to  the  moni- 
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immediately  stop  and  make  the 
necessary  corrections. 

The  unit  may  also  be  used  for 
controlling  the  rotation  of  welding 
turntables  and  for  testing  the  coils 
of  a  stator  to  determine  the  polar¬ 
ity  of  the  poles.  This  is  done  by 
disconnecting  the  motor  leads  and 
connecting  the  two  armature  leads 
to  the  coils  of  a  3-phase  motor  in 
the  customary  testing  sequence. 


Electronic  Radio 
Range  Monitor 

A  NEW  AUTOMATIC  radio  range  mon¬ 
itor  for  use  at  airports  provides  in¬ 
stant  warning  if  any  radio  course 
shifts  as  little  as  3  deg  from  its  nor¬ 
mal  setting,  or  fades  below  its  nor¬ 
mal  strength.  The  monitor  may  be 
adjusted  to  operate  all  warning  de¬ 
vices  with  a  range  course  shift  of 
less  than  1  deg. 

The  course  monitor  receiver  is 
located  1200  feet  from  the  radio 
range  station,  directly  on  the  radio 
course,  and  is  connected  through  a 
telephone  line  to  an  indicator  panel 
in  the  airport  control  room.  Four 
receivers  are  required  for  all  the 
four  radio  courses  of  the  standard 
CAA  four-course  radio  range. 

So  long  as  the  radio  course  does 
not  shift,  the  monitor  receiver  con¬ 
tinuously  picks  up  the  interlocking 
A  and  N  signals  transmitted  by  the 
range  station.  If  the  course  shifts, 
either  the  A  or  the  N  signal  begins 
to  predominate,  the  amount  of  the 
course  shift  being  indicated  by  the 
comparative  difference  in  strength 
between  the  A  and  the  N  signals. 
When  this  happens,  the  monitor 
receiver  automatically  transmits 
an  electrical  impulse  to  the  moni- 


You  see  here  four  of  Operadio’s  many  war  assignments  ...  all 
equipment  that  is  "in  the  thick  of  it”  on  the  battle  front  and  on 
the  training  front.  And  exciting  new  electronic  problems,  details  of  which 
cannot  be  told,  are  now  in  work.  Operadio-built  communication  arteries  that 
link  the  bomber  pilot  with  his  crew  and  the  tank  commander  with  his 
gunners  .  .  .  that  forge  all  units  on  shipboard  into  a  combat  team,  have  a 
significance  to  American  business  beyond  an  earlier  Victory.  This  war-won 
electronic  "know-how”  can  serv'e  yonr  business,  whatever  it  may  be! 
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This  radio  range  monitor  constantly  le- 
ceires  radio  range  signals  and  flashes 
the  ground  crew  il  chonges  occur  in 
the  signoL  A  warning  signai  is  also 
sent  out  oTer  the  defectfre  beacon  to 
worn  pilots 


tor  board  at  the  airport,  which 
flashes  a  red  light  and  sounds  a 
siren  to  warn  the  ground  crew;  at 
the  same  time,  the  monitor  auto¬ 
matically  dials  the  range  transmit¬ 
ter  which  begins  to  send  out  to  all 
pilots  a  warning  signal  at  the  end 
of  each  A-N  cycle. 

The  same  warning  is  given  by 
the  automatic  monitor  if  the  link 
circuit  relay  fails  to  interlock  the 
A  and  N  signals  correctly  or  be¬ 
comes  locked;  or  if  the  output  of 
the  radio  range  station  drops  be¬ 
low  a  predetermined  level;  or  if 
more  than  one-half  of  the  range 
station  identification  call  is  not  be¬ 
ing  transmitted. 

Balance  Cireuxt 

To  measure  the  comparative 
strength  of  the  A  and  N  signals, 
the  receiver  automatically  divides 
them  and  feeds  them  into  separate 
channels.  After  the  two  signals 
have  been  equally  amplified  and 
rectified,  the  resultant  direct  cur¬ 
rents  from  the  two  channels  are 
fed,  in  opposite  phase,  to  a  bal¬ 
anced  bridge  circuit.  Should  the 
course  shift,  the  output  of  one 
channel  becomes  greater,  causing 
the  pointer  of  the  indicating  instru¬ 
ment  on  the  control  board  to  move, 
showing  how  much  the  course  had 
shifted,  and  to  which  side;  at  the 
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The  terrible  roar  of  planes  over  the  battleheld  —  the^ 
friendly  chatter  in  a  studio  at  home  ...  all  these  sounds 
are  recorded  with  impartial  fidelity  on  an  Audiodisc. 
Because  each  blank  is  manufactured  to  precise  specifica¬ 
tions,  and  closely  supervised  every  step  of  the  way,  we  can 
give  you  an  extra  durable,  better  recording  blank.  A  blank 
as  well  prepared  for  today’s  critical  war  events,  as  it  will 
be  suitable  for  tomorrow’s  abundant  peacetime  uses.  Audio 
Devices,  Inc.,  444  Madison  Ave.,  New  York  22,  N.  Y. 


As  critical  metal  restrictions  are  lifted,  Audio  will  bring 
to  those  who  want  them,  more  and  more  aluminum  discs. 


electronics 


same  time,  the  warning  light  and 
the  siren  begin  to  operate. 

The  course  monitor  board  is  lo¬ 
cated  at  the  airport,  and  contains 
a  visual  indicator  to  show  the 
radiation  strength  of  the  range 
station;  a  green  light  which  re¬ 
mains  lit  so  long  as  the  station  is 
transmitting  its  courses  correctly; 
a  red  warning  light  which  flashes 
on  if  anything  goes  wrong;  a  siren 
with  a  resetting  switch  which  al¬ 
lows  the  ground  crew  to  silence  it 
while  repairs  are  being  made 
whereupon  it  automatically  resets 
itself  to  sound  a  new  warning;  and 
an  Angus-Esterline  recorder  which 
automatically  traces  a  complete 
record  of  the  performance  of  the 
radio  range  station. 

Fan  Marker  Monitor 

A  similar  device  is  used  to  safe¬ 
guard  the  functioning  of  airway 
fan  markers  that  give  a  pilot  a 
'definite  position  check  along  the 
radio  range  course.  Both  this  and 
the  course  monitor  are  made  by 
Islip  Mfg.  Corp. 

The  fan  marker  monitor  receiver 
is  located  near  the  marker,  and  is 
connected  through  a  telephone  line 
with  a  monitor  board  in  the  airport 
control  room.  If  the  marker  radia¬ 
tion  strength,  or  its  percentage  of 
modulation,  drops  below  a  certain 
level,  or  if  the  marker  identifica¬ 
tion  signal  keying  becomes  faulty, 
the  red  light  flashes  on  the  monitor 
board  and  the  sirens  are  sounded. 
The  fan  marker  monitor  board  has 
all  the  automatic  features  of  the 
course  monitor  board.  In  addition, 
a  neon  light  is  provided  which 
flashes  with  the  keyed  signal  to 
provide  visual  check  on  the  func¬ 
tioning  of  the  fan  marker. 


SMOOTH  ENOUGH 
FOR  PEN/ 


TOOTH  ENOUGH 
FOR  PENCiL! 


Take  Arkwright’s  MATSURF  facility  .  .  .  because  it  erases  so 
Pencil  Tracing  Cloth  for  exam-  neatly.  Another  will  say  — 
pie.  One  draftsman  will  tell  you  because  it  makes  such  sharp, 
he  likes  it  because  it  will  take  legible  reproductions  .  .  .  stands 
pen  or  pencil  lines  with  equal  up  under  rough  handling.  Try 


Safety  Grounding- 
Switch  System 

By  Joseph  Zelle 

Transmitter  Technician,  WABC 
Columbia  Broadcasting  Bgsteni 

Accidental  electrocution  by  a 
radio  transmitter  can  be  avoided 
by  using  the  circuit  shown  at  A  in 
the  illustration.  In  addition  to  the 
regular  interlock  system,  interlock 
switches  that  close  when  the  door  is 
opened  are  ^connected  in  parallel 
and  made  to  operate  a  relay  when 
any  door  is  opened.  The  relay,  op¬ 
erated  by  the  line  voltage,  shorts 
the  high  voltage  bus  to  ground 


TRACING 

CLOTHS 


ELECTRONICS 


1  g 

\ 

1 

] 

. . .  MAKE  ALL  KINDS  OF  TRACING 
REPRODUaiONS  WITH  PEASE  CONTINUOUS 
BLUEPRINTING-PROCESSING  MACHINES 


“K”  Coatiauout  Wet  Dired 
Procew  Derelopinft  Atcachmem  fo 
complete  Continuous  Blueprintin) 
and  Processinfc  Machines. 


Poos*  “700”  Continuous  Whiteprint 
(Dry  Direa  Process)  Des-eloping 
Machine  only.  -i 


THE  C.  F.  PEASE  COMPANY 

2639  WEST  IRVING  PARK  ROAD  •  CHICAGO  18,  ILLINOIS 


Pease 

"uinuow  Blu^rint- 
iuR  and  Ptoccia^ia  Machine 
has  an  actual  produedoo  speed 
of  20  feet  per  asMM.  Pease  "22”  (not 
ill  ^'fated)  has  a  speed  of  30  feet  per  minute. 
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Switching  drcnits  ior  mcodmum  soiaty 
oi  oparoting  paraonnal  in  broadcoit 
atotlona 


• .  in  World-Wide  Aerial  Warfare! 


Pygmies  in  size,  but  giants  in  achievement  are  WiLCO  Thermometals  (ther¬ 
mostatic  bimetals)  and  WiLCO  Electrical  Contacts. 


*  Either  paired  with  the  correct  WiLCO  Thermometal,  or  used  alone,  WiLco 
Aeralloy  Aircraft  Magneto  Contacts  are  doing  their  part  to  assure  smooth  air¬ 
plane  performance.  Other  WiLCO  Electrical  Contacts  are  giving  equally  depend¬ 
able  service  in  tank,  ship  and  gun  applications. 

WiLCO  Thermometals,  either  separately  or  in  conjunction  with  WiLCO  Elec¬ 
trical  Contacts,  are  being  used  with  the  same  success  for  aircraft  oil  temperature 
control  and  in  various  instruments  for  the  Army  and  Navy. 


Both  Available  From  One  Source 


The  facilities  of  The  H.  A.  Wilson  Company  permit  manufacturing  cus¬ 
tomers  to  secure  both  electrical  contacts  and  thermostatic  bimetal  from  a  single 
source.  This  is  important  because  materials  from  these  two  groups  are  fre¬ 
quently  used  in  conjunction,  as  parts  in  the  same  device.  The  most  effective 
use  of  one  necessitates  a  knowledge  of  the  other. 


WiLco  Products  are:  Contacts — Silver,  Platinum,  Alloys,  Powder  Metal. 
Thermostatic  Meted — High  and  Low  Temperature  with  Electrical  Resistance 
from  24  to  530  ohms  per  sq.  mil,-ft.  Precious  Metal  Collector  Rings  for  rotat¬ 
ing  controls.  Jacketed  Wire — Silver  on  Steel,  Copper,  Invar,  or  other  combin¬ 
ations  requested.  .  v 


WiLCO  sales  and  engineering  representatives  are  famil¬ 
iar  with  both  Electrical  Contact  and  Thermometal 
application.  Send  us  your  problem  fur  analysis. 


The  H.  a.  Wilson  Company 

105  Chestnut  St.,  JSeu'ark,  N.  J. 

% 

Branches:  Chicago  ★  Detroit 


whenever  any  door  carrying  high 
voltage  is  opened.  The  relay  should 
be  one  capable  of  handling  the  hi^ 
voltage  and  care  should  be  taken  to 
mount  it  where  no  flashover  or 
breakdown  will  occur  between  the 
relay  and  the  high  voltage  bus, 
framework,  etc. 

A  warning  system  can  be  rigged 
up  as  shown  at  B.  Here  a  second 
inteAock  switch  is  mounted  on 
every  door  and  the  parallel  switches 
connected  m  series  with  a  switch 
operated  by  a  cam  on  the  ground¬ 
ing  switch  bar.  The  secondary 
door  interlock  switch  closes  when 
the  door  is  opened,  while  the 
grounding  switch  interlock  is 
closed  when  the  ground  switch  is 
open.  Thus  either  the  transmitter 
door  must  be  closed  or  the  ground¬ 
ing  switch  in  the  ground  position, 
otherwise,  a  circuit  is  completed 
which  operates  a  bell,  buzzer,  re¬ 
peating  chimes,  flashing  lights,  etc. 
which  will  *Srake  up"  the  operator. 
Furthermore,  the  line  supply  might 
be  replaced  by  several  dry  cells, 
thus  assuring  operation  even  with 
all  power  cutoff.  The  dry  cells  can 
be  stored  in  a  cooL  place,  need  no 
attention  and  last  for 'months. 

A  third  system  is  shown  at  C 
of  the  figure.  This  systein  uses  the 
original  door  interlocks  and  the 
control  circuit  voltage  to  operate 
the  relay.  It  will  be  noted  that,  the 
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PRi-INSIIUTED 

DIAMOND-GRIP  SOLDERLESS  TERMINALS 

(Fully  Protected  by  Patents  Pending) 


BLUE 


INSULATION  FOR 


Perfect  solderless  connections  — 
designed  for  moss  production 
with  pre-insulation  that  saves 
time,  labor,  money! 

Production  cost  of  applying  sepa¬ 
rate  tubing  to  the  terminal  ap¬ 
proximately  the  same  as  the  cost 
of  applying  the  terminal  itself  to 
the  wire. 

Only  one  operation  —  just  crimp 
terminal  on  wire.  Nothing  else. 

The  insulation  is  bonded  to  the 
terminal  and  cannot  be  removed 
accidentally. 


•wlUlin  29  which 
includtt  test  data. 


All  of  the  features  of  the  famous 
AMP  Diamond  Grip  insulation 
Support  Terminal.  The  insulation 
takes  the  exact  contour  of  the 
crimp.  \  I 

Easy  identification:  Red  insulation 
on  terminals  for  wire  sizes  22  to* 
18;  Blue  insulation  on  terminals 
for  wire  sizes  16  to  14.  Press  dies 
marked  with  matching  color. 


AMP  pracision 
power  •  operated 
dies  make  one 
complete  crimping^ 
cycle  in  28/100  j 
of  a  second  — 


•vary  crimp  it 
p«rf*<t. 


*PffCCfSION  INOINeeHING  APPLIED  TO  THE  END  OP  A  WIPE" 


tlltCRAFT-MARINE  PRODUCTS  INC. 

A&M  accessories,  ltd./'  T  O  R  O  N  T  O,  ONTARIO,  CANADA 
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interlock  switches  must  come  di¬ 
rectly  off  the  “hot”  side  of  the  om- 
trol  circuit  so  that  only  the  t>aoa> 
mitter  doors  will  operate  the  aiarm. 
The  other  side  of  the  interlock 
switches  continues 


normally  to 
complete  the  control  sequence. 

Now  if  the  ground  switch  ig  up 
and  a  door  is  opened,  the  relay  win 
be  de-energized,  the  arm  will  fall 
back  completing  a  circuit  with  the 
back  contacts  of  the  relay  operat¬ 
ing  the  warning  bell,  and/or 
grounding  the  high  voltage.  One 
disadvantage  of  this  circuit  is  that 
with  control  voltage  shut  off  and 
the  high  voltage  ungrounded  (as 
when  closing  down)  the  device  will 
operate.  This  circuit  is  better 
suited  to  “round  the  clock”  trans¬ 
mitters  that  are  closed  down  only 
for  maintenance  work. 

These  precautions  are  simple  to 
install  and  inexpensive  but  pay 
large  dividends  in  saving  a  human 
life.  At  the  WABC  transmitter  on 
Columbia  Island,  for  instance,  the 
grounding  system  prevents  an  oper¬ 
ator  from  opening  &ny  high  voltage 
door  unless  the  grounding  switch 
is  in  the  ground  position.  We  have 
likewise  found  it  important  to  in¬ 
spect  and  check  periodically  the 
continuity  of  the  ground  switch 
contacts.  A  bad  contact,  a  warped 
relay  arm,  or  bent  blade  is  as  bad 
as  no  grounding  switch  at  all. 


Customers — not  in  ones  or  twos,  but  in  the  hundreds.  If  not  in 
person,  then  they're  represented  by  letter  or  telephone.  And 
they're  in  early  every  day . . .  before  breakfast,  so  it  seems . . . 
with  requests  for  urgent  radio  and  electronic  components  and 
equipment.  Some  are  needed  for  the  Armed  Forces . . .  others 
for  industry  and  dealers . . .  still  others  for  laboratory  projects, 
and  schools.  We're  doing  our  best  to  fill  order|cdnd  speed 
deliveries.  We're  doing  our  best  to  help  you  cut  through  red 
tape  and  solve  vexing  technical  problems.  And  our  best,  as 
you  must  know,  is  just  about  the  best  there  is. 

for  Non -Critical  CoNSomer  Applkatioot 

. . .  Lafay0tt0  Radio  Corporation  carries  a  supply  of 
all  standard  radio  replacement  parts  In  addition  to 
a  wide  variety  of  useful  parts  and  equipment  I 

FREEI  The  book  off  the  yeorl  cmioc  OF  lAOl 


Electronic  Heating  and  Radio 
Sondes  Discussed  by  Chicafo 
Engineers 

Recent  Developments  in  meteorol¬ 
ogy  and  weather  forecasting  by 
means  of  air  mass  analysis  make  it 
desirable  to  know  the  atmospheric 
temperature  to  1  degree,  the  rela¬ 
tive  humidity  to  10  percent  and 
the  atmospheric  pressure  to  1  milli¬ 
bar  for  altitudes  up  to  the  stratos¬ 
pheres.  In  addition,  meteorologists 
would  like  to  know  the  thickness  of 
cloud  formations,  the  turbulence  of 
the  atmosphere,  and  icing  condi¬ 
tions  as  an  aid  to  aviation.  At  the 
present  time  it  is  impossible  to  ob¬ 
tain  all  of  this  information  al¬ 
though  the  first  three  can  be  ob¬ 
tained  to  a  satisfactory  degree  of 
precision  by  means  of  radio  sondes 
or  balloon-borne  radio  transmitters. 
The  transmitters  are  so  constructed 
that  the  character  of  the  signal 


7  lAFAYiTU  RADIO  CORK 

'  991  W.  iwitMti  Shi.,  Cfcicflf*  7,  III.,  Dt/H.  0-4, 
Phas*  s*nd  m«  a  tr—  copy  of  thm  now  Lafaymlt* 
Sodio  Corporation  Catalog  No.  94. 


■cadr  mail  coupon  rODAYl 

WAR  RONDS  AND  STAMPS 


901  W.  Jackson  Blvd.,  Chicago  7,  Illinois  yk  263  Peochtree  Street,  Atlanta  3,  Georgia 


188 


April  —  ELECTRONICS 


RICTRONIC 


■L 


DOING  LITTLE  THINGS 


fANk 


Six  c/«afi,  pmHmct,  braxmd 
jofiMs  p«r  mlmif*  wHbthlt  unit. 


Carhidt  tod  m  braM»d 
to  ahornkB  wMi  btttmr  bottd  bf 
ki$h  fr*f«MMKf  ktmMmg, 


WITH  ELECTRONIC  HEAT 


Hardening  the  heads  of  screws  as  they  pass  on  a  conveyor 
through  a  heating  coil  is  only  one  way  Ajax-Northrup  elec¬ 
tronic  heating  can  do  the  little  things  in  a  big  way  on  your 
production  lines. 


Or  if  you  work  with  small-production  quantities,  you’ll  need 
Ajax-Northrup's  flexibility.  By  a  simple  change  of  jigs  and 
coils,  you  can  braze  1 ,000  parts  one  day,  and  harden  500 
of  another  part  the  next  day  —  with  the  same  equipment. 
Conversion  to  post-war  will  be  easy. 


For  instance,  Ajax-Northrup  induction  heating  has  hardened 
razor  blades  on  the  fly,  brazed  tin  cans,  and  dried  welding 
rod  coatings.  Big  jobs  too,  such  as  heating  bars  for  forging 
20,000  shells  per  day. 


Call  on  us  for  suggestions.  Our  25  years  of  experience  and 
complete  lines  of  carefully  engineered  high  frequency  equip 
ment  are  available  from  no  other  source. 


AJAX-NORTHRUP 

HIGH-FREQUENCY 


MJAX  ELECTROTHERMIC  CORPORATION  •  Ajax  Pork 


ttUCIITE  COMPMIES  .  .  .  TNE  lJU  METU  CONPUT.  RW-PlfrNt  t«it  MtUlt. 
AJAl  ELECTRIC  FURNACE  CORPORATION.  Aiil-«ntt  liilclKi  Fliiitit. 
AJU  ELECTRIC  COMPART.  IRC.  AKi  NiH|rM  SaH  Oitl  Fnictt. 

AJU  ERCIREERINS  CORPORATION.  AlMlm  Miltin  Fmam. 
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INSULATION  TESTERS 


Trsde  Mark  Reg, 
U.  S.  Pst.  Of. 


Production  of  “Megger”  Insulation  Testers  at  our  Phila¬ 
delphia  factory  has  been  accelerated  and  we  have  been  able 
to  reduce  the  time  required  to  fill  orders.  At  present  we  are 
building  both  “Meg”  and  “Super-Meg”  types  in  ranges  up 
to  100  and  1000  megohms  with  500-volt  hand-cranked 
generators.  We  continue  to  supply  various  other  types  and 
ratings  of  “Megger”  instruments  as  formerly. 

If  you  now  have  need  for  any  type  of  “Megger”  tester,  let 
us  know  and  we  will  give  you  the  latest  delivery  information. 
Ask  also  for  Bulletin  1735-E. 


JAMES  G.  BIDDLE  CO. 

1211-13  ARCH  STREET  •  PHILADELPHIA  7,  PA. 


transmitted  to  the  ground  re(eiv. 
ing  station  can  be  interpretei!  in 
terms  of  temperature,  atmospheric 
pressure  and  humidity. 

Four  types  of  radio  sondes  were 
discussed  by  V.  E.  Suomi  of  the 
University  of  Chicago  at  the  Feb¬ 
ruary  meeting  of  the  Chicago  Sec¬ 
tion  of  IRE.  In  the  first,  mechan¬ 
ical  motion,  resulting  from  varia¬ 
tions  in  temperature  pressure  or 
humidity,  produces  a  variable-fre¬ 
quency  carrier.  Another  tjrpe  uses 
a  coded  type  of  transmitter  with 
humidity,  temperature,  and  pres¬ 
sure  signals  in  a  prescribed  8^ 
quence.  A  third  type,  similar  to  the 
first,  makes  use  of  a  variable-fre¬ 
quency  carrier  but  employs  an  im¬ 
proved  method  of  indicating  the  at¬ 
mospheric  condition.  The  fourth, 
most  commonly  employed  in  the 
United  States,  employs  a  blocked 
or  modulated  oscillator  in  which  the 
audio-frequency  variations  are  in- 
.terpreted  in  terms  of  meteorologi¬ 
cal  characteristics. 

A  number  of  difficulties  which 
are  encountered  in  practice  were 
outlined  by  Mr.  Suomi.  While  tem¬ 
perature  and  pressure  records  can 
be  made  quite  accurately,  consid¬ 
erable  difficulty  is  encountered  in 
recording  relative  humidity.  Es¬ 
pecially  at  lower  temperatures, 
even  the  concept  of  relative  humid¬ 
ity  is  somewhat  uncertain.  Any 
means  for  producing  or  providing 
a  device  whose  indications  in  rela¬ 
tive  humidity  are  precise  and  re¬ 
liable  would  be  a  most  useful  con¬ 
tribution  to  this  technique.  It  was 
also  shown  that  the  range  of  radio 
sondes  could  be  considerably  in¬ 
creased  by  employing  frequency 
modulation  in  the  transmitter  ra¬ 
ther  than  amplitude  modulation. 

Induction  Heating 

A  symposium  on  electronic  heat 
I  ing  led  by  Dr.  Eugene  Mittelman 
I  was  the  second  event  on  the  pro¬ 
gram.  He  spoke  on  the  desirability 
of  matching  the  output  of  the  elec¬ 
tronic  generator  to  the  load  im¬ 
pedance.  This  problem  is  particu¬ 
larly  important  in  the  electronic 
heating  of  ferromagnetic  material 
whose  magnetic  characteristics 
change  quite  rapidly  at  the  Curie 
temperature  (in  the  neighborhood 
of  about  1400  degrees).  At  tihis 
temperature  the  permeability  of 
the  magnetic  material  is  decreased 
so  that  the  impedance  match  which 
was  satisfactory  at  low  tempera- 


Mot-o-Trol,  developed  by  Westinghouse,  employs  the 
precision  of  electronics  to  provide  a  new,  wide,  stepless 
range  of  speed  control  for  d-c  motors  from  an  a-c  current 
source.  It  starts  motors,  brings  them  up  to  preset  speed 
smoothly  and  rapidly.  It  permits  wide  change  of  speed  at 
any  time,  regulates  speed  under  varying  loads,  applies 
dynamic  braking  for  timed  stopping — and  reverses  the 
motor.  Many  other  functions  are  also  possible.  There  are 
no  separate  linestarters — no  field  rheostats.  To  get  all 
the  facts  about  this  new  packaged  motor  drive,  write 
today  for  your  copy  of  booklet  B-3301.  Westinghouse 
Electric  &  Manufacturing  Company,  Elast  Pittsburgh, 
Pa.,  Dept.  7-N.  j-21306 


How  to  get  Stepless  d-c  Motor 
Speeds  from  an  a-c  Current  Supply 


If  We  Were 
To  Design  a 
Transformer 
For  You  . . . 


Ii  vhqi 
id 


2833  13th  Ave.  S.,  Minneapolis,  Minn 


ture  is  no  longer  effective  at  the 
higher  temperatures.  As  a  result, 
the  load  is  unable  to  absorb  power 
at  the  same  rate  at  elevated  tem¬ 
peratures  as  at  lower  temperatures. 

To  overcome  this  defect,  it  is 
necessary  to  change  the  impedance¬ 
matching  conditions  when  the  metal 
under  treatment  reaches  the  Curie 
temperature.  This  is  accomplished 
in  practice  by  making  use  of  the 
change  in  plate  current  which  oc¬ 
curs  in  the  oscillator  tubes  as  this 
temperature  is  reached.  This 
change  in  plate  current  operates  a 
pair  of  relays,  one  of  which  tem¬ 
porarily  removes  plate  voltage  from 
the  oscillator  tubes.  The  other  re¬ 
lay  is  used  to  effect  the  necessary 
coil  switching  for  the  two  condi¬ 
tions  of  impedance  matching.  After 
this  switch  has  been  made,  the  first 
relay  can  then  be  used  to  apply 
power  again.  The  entire  change  of 
switching  takes  place  in  about 
three  milliseconds. 

Dielectric  Heating 

Harold  R.  Weinmuller  gave  an  in¬ 
teresting  outline  of  some  of  the 
applications  of  electronic  heating 
to  dielectrics  which  have  been  made 
by  the  Commonwealth  Edison  Com¬ 
pany. 

Infestation  in  grain  is  frequently 
troublesome.  By  the  applications 
of  electronic  heating,  wheat  can  be 
raised  to  a  temperature  of  135  deg 
to  effectively  destroy  bacteria  with¬ 
out  harming  the  wheat.  Insects  can 
also  be  killed  by  this  method,  even 
though  the  products  may  already 
be  packaged.  The  use  of  electronic 
I  heating  for  the  killing  of  bacteria 
shows  considerable  promise  in  the 
application  of  fruit  and  vegetables 
canned  in  glass  jars  as  well  as  for 
the  application  in  package  units. 

Electronic  heating  has  been  used 
for  a  number  of  years  in  the  gluing 
of  wood  products,  particularly  when 
thermo-setting  plastics  are  used  as 
the  adhesive.  A  600-kw  electronic 
heating  unit  operating  at  1.5  mega¬ 
cycles  has  been  used  for  a  number 
of  years  in  Oregon  where  it  is  em¬ 
ployed  in  drying  wood.  It  is  capable 
of  heating  a  stack  of  wood  lamina¬ 
tions  14  inches  thick,  4  ft  'wide  and 
8  ft  long. 

Electronic  methods  are  also  ap¬ 
plied  to  the  processing  of  wood  im¬ 
pregnated  with  plastic.  Such  wood 
has  high  strength,  is  impervious  to 
moisture,  is  tough  and  has  high  re- 


.  .  .  our  first  objoctivo  would  bo  to 
croote  a  unit  that  would  torvo  you  in 
a  completely  satisfactory  way.  It  would 

therefore  be  important  that  you  provide  us  with  as  much  detailed 
information  as  possible. 

For  an  Audio  Transformer  this  data  would  include  —  impedance 
ratio,  primary  and  secondary  load  impedances,  value  of  direct  cur¬ 
rent  involved  in  any  windings,  operating  voltages  and  frequency 
range  with  degree  of  uniformity  over  entire  range.  In  some  in¬ 
stances  it  might  be  necessary  to  specify  phase  angle,  accurate 
impedance  in  one  direction  or  the  other,  perhaps  insertion  loss, 
size  and  type  of  mounting.  To  aid  in  supplying  the  information, 
especially  for  units  approaching  the  limits  of  practicability,  it 
would  be  helpful  to  send  us  a  statement  or  sketch  outlining  the 
actual  operating  conditions.  In  designing  Power  Transformers  or 
Inductors,  it  would  be  important  to  have  similarly  complete  data. 

In  endeavoring  to  secure  optimum  transformer  performance,  ADC 
takes  all  of  these  involved  factors  into  consideration  before  a 
single  unit  is  approved  for  production. 


New  ADC  Catalog  Available! 

Our  new  Catalog  covering  the  specialized  line  of 
ADC  Transformers,  Filters,  Equalizers,  Key  Switch¬ 
es,  Jacks,  Plugs  and  other  electronic  components 
is  now  ready.  Write  for  ADC  Catalog  No.  12. 


ELECTRONICS 


electron 


Motors  and  generators  in  all 
types  and  sizes  from  Ve  H.P. 
to  3  H.P.  single  phase,  5  H.P. 
polyphase.  Engineering  serv¬ 
ice  on  special  designs. 


THE  LELAND 
ELECTRIC  CO 

DAYTON,  OHIO 


ELECTRIC 

MOTORS 
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sistance  to  moisture  absorption. 
The  curing  of  rubber  and  the  cook¬ 
ing  and  dehydration  of  dry  good* 
are  other  applications  which  appear 
to  be  promising  for  electronic  heat¬ 
ing.  Coffee  has  been  roasted  by  this 
process  but  there  are  indications 
that  the  inside  of  the  bean  is  heated 
more  than  the  surface,  with  a  re¬ 
sulting  change  in  flavor.  The  heaV 
ing  of  feed  corn  as  well  as  the  heat¬ 
ing  and  drying  of  table  salt  (if  not 
too  moist)  are  other  applications 
of  electronic  heating.  Paper  car¬ 
tons,  rayon  fiber  and  shredded  vege¬ 
tables  have  also  been  dried  satisfac¬ 
torily  by  electronic  means.  In 
foundries,  sand  cores  for  molding 
have  also  been  dried  by  dielectric 
heating. 


Lightning  Counter 

Power  cx)mpany  engineers  can 
now  record  the  lightning  strokes 
that  hit  their  lines  to  compile  more 
accurate  statistics  on  the  frequency 
of  the  strokes  and  show  the  loca¬ 
tions  where  protective  devices  are 
needed. 

The  new  lightning  counter  con¬ 
sists  of  two  strips  of  metal  foil  en¬ 
closed  between  two  pieces  of  trans¬ 
parent  plastic.  A  number  of  teeth 
are  cut  in  the  edge  of  one  strip  and 
the  i)oint  of  each  tooth  is  a  few 
thousandths  of  an  inch  from  the 
straight  edge  of  the  second  strip. 

When  lightning  strikes  a  power 
line,  a  small  part  of  the  current  is 
sidetracked  into  the  counter  and 
sent  into  the  saw-toothed  foil  strip. 
The  current  must  jump  from  the 
saw-toothed  strip  to  the  straight- 
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Communications  Must  Be 
Established—^*^  ^cUc 


Whether  in  the  fetid  heat  of  the  island  jungles,  the  mist-laden  shores 
of  Alaska,  the  sandy  wastes ’of  Africa— the  transformers  incor¬ 
porated  in  the  vital  communication  systems,  the  "walkie-talkies,” 
or  other  radio  equipment,  must  be  able  to  perform  reliably. 

Under  all  these  conditions  as  well  as  on  board  ships  at  sea, 
Jefferson  Electric  Transformers  are  providing  their  traditionally 
dependable  service,— service  that  is  vital  to  victory,  and  to  victory 
with  least  delay  and  fewest  casualties. 

At  Jefferson  Electric,  great  production  facilities  are  coupled  with 
uniform  quality  control— and  an  experienced  engineering  staff  is 
available  to  you  to  insure  the  exact  type  of  transformers  required. 
.  .  .  You’ll  be  safe  if  you  bring  your  problems  to  "Transformer 
Headquarters”  .  .  .  JEFFERSON  ELECTRIC  COMPANY,  BeU- 
wood  (Suburb  of  Chicago),  Illinois.  Canadian  Factory:  60-64 
Osier  Ave.,  W.  Toronto,  Ont. 
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TRANSFORMERS 


Two  ttrips  of  metal  loll  between  theeti 
of  plaetic  form  a  counter  for  recording 
lightning  strokei  on  power  line*.  Each 
stroke  burns  away  a  toothed  section 
on  one  foil 
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made  condirions.  Specidcadons  were 
set  up  for  a  material  with  dimensional 
stability  between — 40"  F  and -|- 170"  F 
(there  are  Durez  materials  with  heat 
resistance  up  to  450"  F)  and  impervious 
to  all  kinds  of  weather.  Furthermore, 
the  material  must  not'- affect  the  ex¬ 
plosive  with  which  it  is  in  contact.  You 
know  why! 


These  properties  were  all  imparted  to 
the  same  Durez  phenolics  which  pro¬ 
vided  the  desired  moldability. 


ingenuity.  And  surely  the  designers’ 
prayers  for  a  versatile  material  were 
answered  with  the  two  Durez  pheno¬ 
lics  used. 


Th«  datignvrt  w*r«  up  agoinct  s«v«r« 
••rvic*  r*quir*m«nt« 


The  designers  had  to  provide  for  fast 
production.  Grenades  are  needed  in 
enormous  numbers.  The  moldability 
of  Durez  is  a  "spark  plug'  to  speedy 
production.  Two  methods  of  molding 
were  used ...  a  reminder  of  the  many 
advances  which  have  been  made  in  the 
faster  molding  of  phenolics. 


All  in  all,  this  piece  of  "bad  news  for 
the  super- race'  gives  you  an  idea  of 
what  can  be  accomplished  when  de¬ 
signer,  material  manufacturer  and  cus¬ 
tom  molder  pool  their  talents.  We 
welcome  your  Inquiry  on  all  plastic 
material  problems  and  offer  the  facili¬ 
ties  of  one  of  the  Plastics  Industry’s 
most  experienced  technical  staffs  in 
helping  you  work  them  out.  Durez 
Plastics  &  Chemicals  Inc.,  84  Walck 
Road,  North  Tonawanda,  .N.  Y. 


The  designers  had  a  worry  (with  a 
capital  W )  on  their  hands  when  it 
came  to  tolerances.  There  had  to  be 
molded -in  threads,  internal  and  ex¬ 
ternal,  and  some  very  exact  fits  were 
obviously  needed.  Durez  was  the  an¬ 
swer,  with  its  moldability  to  extremely 
close  measurements. 


ability  to  the  hundred  and  one  prob¬ 
lems  which  confront  any  designer.  For 
a  case  in  point  let’s  go  outside  the 
electrical  field. 

This  seven -molded -part  grenade  and 
fuse  called  for  some  real  designing 


The  designers  were  also  up  against 
severe  service  reejuirements.  Grenades 
must  work  under  all  conceivable  cli* 
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edged  piece  of  foil  to  get  to  che 
ground  and  always  picks  the  easiest 
path — ^the  tooth  whose  tip^  is  closest 
to  the  straight-edged  strip.  As  the 
current  leaps  across  this  gap,  it 
makes  a  tiny  spark  which  scorches 
a  black  spot  on  the  clear  plastic  and 
bums  away  the  tip  of  the  tooth,  so 
that  the  next  discharge  will  choose 
another  tooth. 

The  counter  never  makes  the  er¬ 
ror  of  jotting  down  two  hits  for  a 
single  thunderbolt  because  no  two 
of  the  gaps  between  the  two  strips 
are  ever  exactly  the  same.  Though 
the  difference  in  size  between  two 
gaps  may  be  smaller  than  a  ten- 
thousandth  of  an  inch,  there  is 
always  one  path  which  is  the  eas¬ 
iest.  As  soon  as  the  spark  occurs, 
the  voltage  in  the  strip  drops  and 
another  spark  will  not  occur  until 
lightning  strikes  again. 

The  device  is  fastened  near  the 
bottom  of  a  power  line  tower  so 
the  black  dots  burned  on  it  can  be 
counted  in  a  few  seconds  by  a  line¬ 
man  or  an  engineer.  This  will  en¬ 
able  power  companies  to  keep  a 
record  of  the  number  of  times 
each  lightning  arrester  along 
their  lines  has  operated.  The 
counter  was  invented  by  Dr.  Leo 
Finzi,  a  Westinghouse  research 
engineer. 

•  •  • 

Temperature-Compensated 
A-F  Oscillators 

The  difficulties  of  obtaining  a 
wide  frequency  range,  freedom 
from  drift,  constant  output  and 
independence  of  atmospheric  con¬ 
ditions,  often  make  it  impossible  to 


Heater  and  Tentilotor  controle  are  re- 
cessed  in  the  side  oi  the  cabinet  on  ths 
a-i  standard  oscillator.  The  thermome* 
tar  ahowB  the  oDeratina  temoeraturs 
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New,  cost-saving  electronic  designs  which  are  applicable  to 
post-war  products  ranging  from  radios,  lighting  units,  thermal 
devices,  timing  and  measuring  instruments,  electrical-therapy 
machines  and  door  openers,  to  a  host  of  other  peacetime 
items,  are  everyday  occurreiKes  in  National  laboratories. 

If  your  post-war  product  incorporates  a  tube,  singly  or  in 
combination  with  an  electrical  control,  or  other  electronic  or 
electrical  unit,  we  are  prepared  to  make  specific  recom¬ 
mendations  to  bring  it  to  maximum  efficiency. 

Write  today.  Your  inquiry  will  receive  prompt  attention. 


NATIONAL  SCIENTIFIC  PRODUCTS  COMPANY 

Designers  and  Manufacturers  of  Electrical  and  Mechanical  Devices 
5013-25  NORTH  KEDZIE  AVE.,  CHICAGO  25,  ILLINOIS 


Electrical  and ^ 
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anHlie  future 


W  No  need  to  crystal  gaze  into  the 


future  of  electronics.  For,  as  we  at 


National  Scientific  Products  Company 
engage  in  secret  wartime  electronic 
developments,  many  peacetime  appli¬ 
cations  of  these  very  same  electronic 
prindples  are  revealed  daily. 


dC  THE  SCREW 


THAT’S 
“GEARED  TO 
THE  KEY” 


Bristol  Multiple-Spline  Socket  Set  Screws  set  tighter 
.  .  .  even  in  hard-to-reach  places  .  .  .  without  rounding 
out  or  breaking. 


Where  a  small  screw  is  called  for  .  .  . 
where  vibration  will  be  a  problem  . ,  . 
where  the  fastening  point  is  at  an  awk¬ 
ward  place  —  think  immediately  of  the 
screw  that’s  built  like  a  ^ear. 

The  Bristo  Multiple-Spline  Socket  Set 
Screw  is  specified  for  aircraft  parts, 


V^Hat  Vou  the  KeV 

that  is  Ijg^ 


photographic  equipment,  electrical  as¬ 
semblies,  because  the  multiple-spline 
design  (the  teeth  in  socket  are  geared  to 
the  key)  provides  much  greater  strength, 
permitting  more  tightening  force  even  on 
screws  as  small  as  No.  4  wire  size!  The 
diagram  shows  why. 


Hex:  Key  exerts 
outward  pressure 
•gainst  socket  wall; 
screw  will  round  out 
or  break. 


Bristo:  Key  exerts 
inward  pressure;  no 
danger  of  rounding 
out  or  breaking 
socket  wall. 


So  Bristo  Multiple-Spline  Screws  can 
be  set  tight  to  hold  against  vibration,  yet 
they  can  be  loosened  with  a  flick  of  the 
key!  See  THOMAS*  REGISTER  for 
more  facts,  list  of  product  applications. 
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This  new  alloy  is  being  used  by  circuit 
breaker  manufacturers  to  build  brackets  for 
supporting  bimetal  elements  where  loss  of 
heat  would  otherwise  upset  desired  action 
...  may  also  be  used  by  makers  of  domestic 
irons  and  other  appliances  where  support' 
ing  members  made  of  this  alloy  will  serve 
as  a  heat  barrier  to  keep  handles  cool  ... 
note  the  following  comparative  conductivity 
values: 

Silver . .100% 

Copper .  93% 

Aluminum .  54% 

Iron .  16% 

Nickel .  15% 

Monel .  6% 

Chace  No.  772  Alloy .  2% 


Eight  tamperatura-compeniatad  a-f  oa- 
cUlatora  in  on*  coUnat  provlda  a 
convuiant  soore*  of  aoporato  froquan. 
elos  lor  productiOD  tooting  oi  low- 
iroquoncy  onlta 


adapt  wide-range  audio  frequency 
oscillators  to  precision  measure¬ 
ments.  A  solution  to  this  problem 
has  been  achieved  by  the  Electro 
Products  Labs,  of  Chicago  by  pro¬ 
viding  constant  temperature  con¬ 
trol  for  an  R-C  negative  feedback 
tjrpe  of  oscillator. 

This  type  of  oscillator  can  be  de¬ 
signed  to  provide  a  frequency  ratio 
range  of  at  least  10  to  1  by  varying 
the  capacitance  of  the  frequency¬ 
determining  circuit.  Use  of  an  am¬ 
plifier  stage  with  a  considerable 
amount  of  feedback  provides  con¬ 
siderable  stability  but  the  oscil¬ 
lator  is  still  subject  to  frequency 
variation  as  a  result  of  changes  in 
temperature. 

As  a  means  of  overcoming  this 
difficulty,  the  oscillator  has  been 
enclosed  in  a  temperature  controlled 
chamber  so  designed  that  operat¬ 
ing  temperature  is  always  some¬ 
what  greater  than  room  tempera¬ 
ture. 

Eight  temperature  controlled  os¬ 
cillators  have  been  built  up  into  a 
single  unit  for  the  Thordarson 
Electric  Mfg.  Co.  of  Chicago  where 
it  is  used  to  provide  eight  separate 
frequencies  simultaneously  for  lab¬ 
oratory  and  production  testing.  It 
is  reported  that  the  audio  oscilla¬ 
tors  maintain  their  frequency  pre¬ 
cision  within  one  cycle  over  long 
periods  of  time,  as  determined 
against  a  check  with  a  primary  fre¬ 
quency  standard. 


Chace  Manganese  Alloy  No.  772  also  pos* 
sesses  ...  high  electrical  resistivity  proper¬ 
ties,  about  60%  higher  than  most  alloys  now 
in  common  use  ...  high  temperature  co¬ 
efficient  of  expansion,  twice  that  of  ordinary 
steel  .  .  .  high  vibration  damping  constant, 
about  25  times  greater  than  steel ...  it  can 
be  machined,  stamped,  drawn,  extruded, 
and  welded  to  itself  or  steel  *  .  .  now  avail¬ 
able  in  sheets,  strips,  rods  and  special  shapes. 


Complete  engineering  and  research  facilities  avail¬ 
able  ...  “Bulletin  No.  A'942”  giving  detailed  infor¬ 
mation  regarding  Chace  Manganese  Alloy  No.  772 
sent  (m  request. 


Thermostatic  Bimetals  and  Special  Alloyj 

1630  BtARD  AYE  •  DETROIT  9,  MKH, 
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IT  WILL  SOON 
BE  ANOTHER  DAY 


USE  A  MANUFACTURER’S 
MANUFACTURER  . 

#  Ctmiftaci — Onm  R*' 
—  Off  Qo4t 

Lewyt’a  busineoa  ia  Contract  Manu¬ 
facturing.  We  specialize  in  electric 
and  electronic  instrumenta,  chaaaia 
and  housings;  mechanical  and  elec¬ 
trical  aaaemblies;  higheet  preciaion 
machine  work;  aheet  metal  fabrica¬ 
tions;  all  types  of  welding,  product 
finishing,  etc. 

We  also  provide  advanced  engi¬ 
neering  facilities  as  service  aaaistance 
to  our  clients  in  connection  with  the 
design  and  re-design  of  their  prod¬ 
ucts  under  development. 

Write  on  your  business  stationery 
for  48-page  book,  "Let  Lewyt  Do 
It’* . . .  the  story  of  the  Lewyt  Organ¬ 
ization  told  in  pictures. 
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The  lush  days  of  “Cost  Plus”  that  have  placed  so  little  emphasis  on  pro¬ 
duction  economy  will  disappear  when  “C-Day”  arrives.  Conversion 
to  civilian  goods  will  again  place  a  premium  on  efficiency  that  springs  from 
a  cost  “know-how.”  But  cost-sensitive  production  comes  only  of  long  experi¬ 
ence.  It  is  not  bom  of  wartime ...  it  is  a  stranger  to  war  production. 

Peace-time  manufacture  survives  only  as  it  demonstrates  the  principles 
of  profit-and-loss  accounting.  There  is  no  room  for  carelessness,  or  laxity, 
or  indifference  to  costs. 

Lewyt  is  not  a  war  baby.  Lewyt  is  a  “manufacturer’s  manufacturer”  with 
56  years  of  cost-conscious  “know-how”.  It  returns  to  peace-time  contract 
manufacturing  with  long  experience  in  meeting  the  needs  of  production 
engineers  who  will  have  only  costs  and  efficiency  in  mind. 

LEWYT  CORPORATION  •  62  BROADWAY,  BROOKLYN  11,  NEW  YORK 
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Railroad  Radio 

(Continued  from  page  95) 


radio  repeater  equipment  with  as¬ 
sociated  antennas  which  provide 
considerable  directivity  and  rein¬ 
forcement  of  signals  at  various 
points  along  extended  railway 
routes. 

In  ■  this  regard,  it  should  be 
stressed  that  the  problems  involved 
in  the  design  of  radio  equipment 
for  use  by  the  railroad  industry 
differ  considerably  from  those  as¬ 
sociated  with  the  development  of 
radio  apparatus  employed  in  other 
forms  of  transport  communications. 
Not  only  must  such  equipment 
meet  the  specific  technical  and  op¬ 
erational  requirements  of  railroad 
service,  but  the  installation  of 
equipment  on  locomotives  must 
comply  with  the  safety  require¬ 
ments  of  the  Interstate  Commerce 
Commission. 

Special  Eqaipmcat  Hooded 

It  is  believed  by  radio  engineers 
intimately  acquainted  with  railroad 
problems  that  no  simple  adaptation 
of  present-day,  two-way  automobile 
or  military  radio  equipment  will 
meet  satisfactorily  the  various  re¬ 
quirements  of  the  railways.  Equip¬ 
ment  must  stand  the  violent  shock 
and  multi-directional  vibration  pe¬ 
culiar  to  locomotive  operation.  Ap¬ 
paratus  must  be  housed  and  con¬ 
structed  in  such  manner  as  to  with¬ 
stand  the  effects  of  smoke  and  cor¬ 
rosive  gases  emanating  from  steam 
locomotives.  The  equipment  must 
also  be  mounted  and  housed  in  such 
manner  as  to  be  replaceable  with 
maximum  speed  in  order  to  avoid 
delaying  the  scheduled  operations 
of  locomotives  in  the  event  of  fail¬ 
ure  of  radio  components.  Further, 
the  electrical  design  of  the  equip¬ 
ment  must  be  such  that  it  will 
operate  on  existing  power-supply 
sources  employed  on  various  types 
of  locomotives.  Inasmuch  as  pri¬ 
mary  power  supply  voltages  on  dif¬ 
ferent  locomotives  normally  range 
from  32  to  110  volts  d.c.,  radio 
equipment  must  be  adaptable  for 
use  over  a  wide  range  of  operating 
voltages. 

In  considering  the  problems  re¬ 
lated  to  shock-mounting  and  design 
of  transmitters  and  receivers  for 
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finer  Radios  for  Peace 


War*8  demands  for  better  weapons  have  added  mightily 
to  the  progress  of  radio.  Here  at  Detrola  we  are  in  the 
forefront  of  it.  Detrola  engineers  are  giving  their  knowl* 
edge  and  experience  to  the  perfection  of  new  and  finer 
electronic  equipment.  Detrola  production  workers  are 
learning  and  employing  new  short  cuts  in  the  mass  manu¬ 
facture  of  quality  products.  Our  work  today  is  providing 
us  with  ideas  for  a  great  variety  of  postwar  radio -electronic 
devices . . .  and  new  ability  to  translate  them  into  products 
of  finest  quality.  Every  War  Bond  You  Buy  Hdps  Bring 
Victory  Closer,  Buy  Another  Today, 


from  the  Smoke  lof  War.. 
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An  •Icctronic  msqaphons  in  om  by 
Amnrican-Conadian  iorcna  while  9^' 
▼oncing  inland  during  the  occupation  oi 
Kiska.  The  equipment  consists  oi  a  Uni- 
Tersity  IB-8  reflex  speoker,  fed  by  o 
i  Bogen  amplifier  and  American  micro- 
I  phone.  Off  idol  U5.  Nary  photograph 


J/75  HP — J15  Cy. — J  Pb.  1670  R.  P.  M. — Clockwise,  Ball  Bearing,  Ventilated. 


Cut  shows  one  oi  rncmy  types  and  ^es  oi  Ohio  Motors  de- 
idqnied  for  driving  Electronic  Devices. 

RANGE 

1/100  to  2  HP.— A.C. 

1/100  to  1  HP.— D.C. 

1/100  to  HP. — ^A.C.  Synchronous. 

1  to  100  os.  ft  A.C.  Torque. 

Shell  type  motors  for  built-in  applications  to  4  HP. — ^D.C.  and  to  7Vk  HP. — A.C. 

All  usual  Toltages  and  cycles. 

What  is  your  problem? 

THE  OHIO  ELECTRIC  MANUFACTURING  CO. 


Ohio 


ELECTRONICS  AT  KISKA 


railway  use,  it  may  be  pointed  out 
that  the  war  has  educated  many 
radio  manufacturers  in  the  matter 
of  building  rugged  and  shockproof 
equipment,  while  many  improved 
types  of  tubes,  power-supply  units 
and  other  component  parts,  pos¬ 
sessing  the  necessary  durability  for 
sustained  railroad  use,  have  been 
developed. 

In  summarizing  the  state  of  the 
i  new  railway  communications  art,  it 
.  is  encouraging  to  note  that  the  ac¬ 
celerated  technological  progress  re¬ 
sulting  from  war  research,  the 
practical  benefits  afforded  by  the 
use  of  railway  radio  communica¬ 
tions  in  ordnance  plants,  and  the 
improved  financial  condition  and 
progressive  spirit  of  the  railroad 
industry  have  combined  fortui¬ 
tously  at  this  time  and  should  fa¬ 
cilitate  rapid  growth  of  this  new 
field.  On  the  continued  cooperation 
of  the  railroads,  unions,  govern¬ 
mental  agencies  and  groups  in  the 
radio  field  is  required  in  order  to 
create  an  important  postwar  indus¬ 
try  which  will  provide  new  services 
and  employment  opportunities  for 
.many  men  and  women. 


MOTORS  for 
ELECTRONIC 
APPLICATIONS 
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*  TRADE  AAARK  REG. 
U.  S.  Potent  Offico 


•  The  new  “Hi-Stress"  SPEED  NUT  conforms  to  AAF  specification 
No.  25531  and  has  been  granted  engineering  approval  by  the 
Army  Air  Forces.  It  is  interchangeable  with  nut  plate  AN362,  for 
high  temperature  applications  in  all  structures. 

This  new  SPEED  NUT  is  a  lighter  weight,  one-piece  integral  unit. 
Because  of  its  unusually  low  installation  torque,  it  allows  more 
rapid  insertion  of  bolts  or  screws.  Even  after  many  reniovals 
under  service  conditions,  this  new  SPEED  NUT  still  retains  its  self¬ 
locking  torque.  Identify  by  SPEED  NUT  No.  A6103H-1032. 


In  Canada;  Wallact  Bamot  Co.,  Ltd.,  Hamilton,  Ontario 


In  England;  Simmonds  Aoroco«*oriot,  Ltd.,  London 
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Polarized  Light  Senro-System  for  Integration . 216 

Photo  Tube  for  Biological  Recording . 230 

&mple  C-R  Tube  Voltmeter . 234 

Converting  Coordinates  with  a  Mannheim  Rule . 244 

Electron  Gun  for  X*Ray  Tube . 248 


Polarized  Light  Senro-System  for  Integration 


An  electbonic  machine  that  con¬ 
tains  a  polarized  light  servo-system 
has  been  successfully  applied  to  the 
accurate  solution  of  problems  in¬ 
volving  integration.  One  of  these 
applications  is  that  of  testing  sam¬ 
ples  of  turbine  nozzles  through 
which  steam  is  normally  supplied  at 
a  rate  of  1200  miles  per  hour. 

In  the  test,  compressed  air  is 
substituted  for  steam  and  is  passed 
through  the  nozzle  at  various  pres¬ 
sures  while  the  instrument  meas¬ 
ures,  records  and  adds  up  energies 
at  various  points  on  the  nozzle.  The 
integrated  values  of  the  flow 
phenomena  check  each  other  within 
0.01  percent  on  repeated  integra¬ 
tion  of  the  same  function.  The 
small  error  appears  to  be  due  to 
mechanical  tolerances. 

The  photograph  shows  the  polar¬ 
ized  light  servo-system  as  used  in 
the  General  Electric  integrating 
pressure  traverse  recorder,  which 
employs  two  follow-up  systems 
as  integrators.  This  is  used  by  the 


Research  Section  of  the  G-E  Elec¬ 
tric  Turbine  Engineering  Division 
in  its  air  test  laboratory  for  study¬ 
ing  flow  phenomena  through  tur-' 
bine  passages. 

Fourteen  ©f  the  integrating 


units,  each  with  its  own  polari  ed 
light  servo-system,  are  contained  in 
the  G-E  differential  analyzer  which 
is  used  in  solving  problems  involv. 
ing  the  use  of  differential  equa¬ 
tions.  The  principles  of  operation 
of  the  polarized  light  servo-system 
were  described  by  T.  M.  B€rr.\  of 
the  G-E  General  Engineering  Lab¬ 
oratory  in  a  paper  delivered  at  the 
AIEE  winter  technical  meeting  in 
January. 

The  mechanical  arrangement  of 
the  units  of  the  system  is  shown  in 
the  drawing.  A  small  integrating 
wheel  rolls  on  the  surface  of  a  turn¬ 
table  at  an  adjustable  radius  r.  On 
^the  shaft  attached  to  the  wheel  is 
mounted  a  light-polarizing  disc  or 


Simpliitod  circuit  of  tlio  oloctronic  control 
unit  usod  in  the  polarised  light  serro- 

STstem 


T.  M.  Berry  of  G-E  installs  the  phototubo 
unit  In  the  calculating  machine  used  for 
integration  and  differentiation.  Fourteen  of 
these  mochines  are  contained  in  the  G-E 
differential  analyser 


primary  polarizer.  Two  beams  of 
light,  A  and  B,  passing  through 
the  primary  polarizer  are  polarized 
similarly  and  the  plane  of  polariza¬ 
tion  rotates  as  the  primary  shaft 
rotates. 

A  secondary  shaft  is,  in  effect, 
coupled  to  the  primary  shaft  by 
means  of  these  two  rotating  beams 
of  polarized  light  in  the  following 
manner.  The  two  beams  of  light 
fall  on  two  phototubes  after  each 
has  passed  through  a  separate  sec- 
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PRESS  WIRELESS  PROVIDES  RADIO 
CENTRALS  FOR  THE  WORLD... 


Triple  diversity  receivers  made  by  Press  Wireless 
Inc.  for  our  allied  governments  will  soon  be  in  service  as 
radio  centrals  for  national  and  international  communica¬ 
tion  networks  of  increasing  strategic  importance. 

The  facilities  of  Press  Wireless  are  peculiarly  adapted 
to  the  manufacture  of  these  and  other  highly  specialized 
units  so  urgently  needed  for  the  winning  of  the  war. 

This  is  one  reason  why  Press  Wireless  was  selected 
as  a  principal  supplier  of  various  type  of  radio  equip¬ 
ment  now  in  use  on  home  and  battle  fronts  throughout 
the  world. 


AwcrM  W  0«r  HIcMU 
Lofi^  hUad  ftaat  far 

Aatiiavnnn*  mi 
War  ^rodueftaa 


control 

Mrro- 


ttotubo 
td  for 
loon  oi 
>•  G-E 


iriza- 

shaft 


iffect, 
!t  by 
teams 
>wing 
light 
each 
»  sec- 


Executive  Offices  Sales  Office,  Manufacturing  Division 

435  N.  MICHIGAN  AVENUE,  CHICAGO  1475  BROADWAY.  NEW  YORK  CITY 
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Mschanical  arrangement  of  unite  form¬ 
ing  the  polarized  light  serro-zTitem  oi 
contained  in  on  automatic  integrating 
preMure  trorene  recorder  used  for 
studying  flow  phenonwno  through  tur¬ 
bine  passages 


ondary  or  control  polarizer.  These 
two  secondary  polarizers  are  at¬ 
tached  to  the  secondary  shaft  in 
such  a  manner  that  their  planes  of 
polarization  are  at  right  angles  to 
each  other. 

When  the  primary  polarizer  is 
oriented  so  that  its  plane  of  polar¬ 
ization  is  half  way  between,  or  at 
an  angle  of  46  deg  with  both  of  the 
secondary  polarizers,  equal  amounts 
of  light  will  strike  both  photo¬ 
tubes.  If  the  plane  of  polarization 
is  not  at  45  deg  to  both  secondary 
polarizers,  unequal  amounts  of 
light  will  strike  the  phototubes. 
Thus,  if  the  primary  polarizer  is 
rotated  from  balance  a  small 
amount  in  one  direction,  the  light 
on  one  phototube  is  reduced  be¬ 
cause  the  angle  between  the  two 
polarizers  in  that  beam  becomes 
more  nearly  90  deg.;  at  the  same 
time,  the  angle  between  the  planes 
of  polarization  in  the  second  beam 
becomes  more  nearly  zero,  with  a 
corresponding  increase  in  light  on 
the  second  phototube.  If  the 
primary  polarizer  is  rotated  in  the 
other  direction  the  light  beams  are 
unbalanced  in  the  other  direction. 

The  unbalanced  ouput  of  the 
phototubes  is  amplified  and  con¬ 
trols  the  speed  and  direction  of 
rotation  of  the  servo-motor,  and 
thereby  the  secondary  shaft  and 
polarizers,  to  keep  the  light  on  the 
phototubes  always  at  or  near  bal¬ 
ance. 

There  are  four  positions  of  the 
primary  shaft  with  respect  to  the 
secondary  shaft  where  the  light 
beams  may  be  balanced.  Only  two 
of  these  positions,  however,  will 
give  a  condition  of  stable  balance. 
Once  the  condition  of  stable  bal- 


put  electrical  sheets 

to  the  test 


.Vnd  FoUansbee  Pre-Forged  silicon  steels  meet  them 
with  flying  colors ! 

The  complicated  electrical  and  electronic  apparatus 
in  America’s  superb  military  aircraft  created  new’ 
standards  for  Electrical  Sheets.  High  silicon  steels 
rolled  to  thin  sheets  with  close  gauge  tolerances  .  .  . 
surface  conditions  w  hich  must  be  excellent . . .  punching 
quality  that  is  absolute  tops. 

FoUansbee  experience  and  methods  were  easily 
adapted  to  these  new  standards.  Small  basic  open- 
hearth  furnaces  are  closely  controlled  to  exact  speci¬ 
fications.  And  Pre-Forging — an  exclusive  FoUansbee 
process  which  presses  ingots  into  biUets — results  in 
sheets  of  more  uniform  density  than  any  other  process 
can  impart. 

FoUansbee  is  serving  leading  aircraft  equipment  man¬ 
ufacturers  with  Electrical  Sheets  for  every  type  of 
military  plane.  Your  requirements  can  be  met  w’ith  the 
highest  quality  in  any  grade  desired.  Check  with 
FoUansbee  on  your  next  order. 


FOLLANSBEE  STEEL  CORPORATION 

GENERAL  OFFICES  •  PITTSBURGH  SO.  PA. 

Sales  Offices — New  York,  Rochester,  Cleveland,  Detroit,  Milwaukee. 
Sales  Agents — Chicago,  St.  Louis,  Nashville,  Los  Angeles;  Toronto 
and  Montreal,  Canada.  Plants — FoUansbee,  W.  Va.  and  Toronto,  Ohio 
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He  made  water 
climb  steps... 


ance  has  been  established  it  is 
maintained  and  the  secondary 
shaft  will  rotate  with  the  primary 
shaft  in  either  direction  within  the 
allowable  limits  of  speed, '  accelera¬ 
tion,  and  load  as  determined  by 
the  motor  and  amplifier  character¬ 
istics. 

The  axis  of  the  primary  shaft 
is  held  by  bearings  parallel  to  the 
plane  of  the  turntable  surface.  For 
changes  in  radius  of  contact  of  the 
integrating  wheel,  the  primary 
shaft  and  polarizer  can  be  moved 
axially  along  the  two  light  beams 
without  materially  affecting  their 
balance. 

Electronic  Circuit 

A  simplified  schematic  diagram 
of  the  control  circuit  is  shown. 
The  two  light  beams  fall  on  photo¬ 
tubes  Pi  and  P,  which  form  two 
legs  of  a  bridge  circuit  comprised 
of  Pi,  Rtf  and  the  resistances  of 
the  two  phototubes.  The  voltage 
unbalance  of  this  bridge  is  applied 
between  grid  and  cathode  of  VTi. 
This  tube  together  with  VT,  and 
resistances  P.  and  R,  form  a  sec¬ 
ond  bridge  circuit  whose  output 
is  applied  to  the  grids  of  two  thyra- 
tron  tubes,  VT,  and  VTt. 

The  anode  currents  of  the  thyra- 
trons,  supplied  from  the  60-cycle 
power  source  through  transformer 
T„  flow  through  a  split  field  series 
motor  to  control  its  speed  and  di¬ 
rection  in  response  to  unbalance  of 
the  light  beams  A  and  B. 

A  small  d-c  generator  is  at¬ 
tached  to  the  shaft  of  the  motor 
and  its  output  voltage  is  applied 
through  a  capacitor  (Ci)  between 
the  grid  and  cathode  of  tube  VT,. 
The  voltage  (e)  generated  by  this 
generator  is  proportion  to  the 
speed  u)  of  the  secondary  shaft. 
For  the  frequencies  encountered 
the  current  through  C„  and  there¬ 
fore  the  voltage  across  the  grid  re¬ 
sistor  of  tube  VT„  is  proportional 
to  de/dt,  and  is  therefore  propor¬ 
tional  to  d&/dt,  the  acceleration  of 
the  output  shaft.  Thus,  the  con¬ 
dition  of  balance  of  the  two  light 
beams  is  anticipated,  and  the  sys¬ 
tem  is  stabilized  and  remarkably 
free  from  the  hunting  or  oscillation 
commonly  experienced  in  servo-sys¬ 
tems. 

A  single  lamp  is  used  as  a  light 
source  for  both  beams  of  light  so 
that  any  changes  in  the  light  out¬ 
put  due  to  aging,  darkening  of  the 


An  engineering  triumph  in  irrigation  and 
flood  control  I  That’s  what  Archimedes  gave 
the  people  of  Egypt  200  years  before  Christ. 
This  Greek  pioneer  in  mechanics  and 
hydrostatics  invented  the  "Archimedean 
Screw"  to  raise  the  waters  of  the  Nile. 
Water  climbs  in  the  spiral  tube  until  it 
gushes  out  of  the  top. 


Draftsmen  echo  Archimedes’  "Eureka I” 
when  they  discover  Eldorado  pencils.  For 
they  find  pencils  whose  leads  retain  their 
points  under  pressure  and  "give-off' 
smooth,  even  lines  that  exclude  light.  They 
discover  uniformity  —  each  degree  is  ex¬ 
actly  as  it  is  stamped.  They  discover  that 
here  in  America  the  world’s  most  useful 
tool  for  drawing  has.  in  Typhonite  Eldorado, 
reached  a  perfection  that  makes  draftsmen 
take  pride  in  their  work  and  gives  joy  to 
the  heart  of  the  blueprinter. 

An  Aid  To  Discovery 

An  absorbing  33-page  booklet 
describing  the  exclusive  Dixon 
Typhonite  process  is  offered 
free  to  engineers.  Where 
shall  we  send  your  copy? 


TYPHONITE 


ELDORADO 


Pencil  Sales  Department  59-J4 
JOSEPH  DIXON  CRUCIBLE  CO.,  Jersey  City  3,  N.  J 
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#  Assembly  is  simplified,  and 
overheating  virtually  eliminated,  by  lead  wires 
soldered  in  advance  to  contacts  on  the  three  “Coprox” 
(copper  oxide)  rectifiers  shown  at  the  bottom  of  the 
panel  below.  'BX-22.3  contacts  are  solder-filled  in 
advance.  The  BX-lOO  has  a  nut-and-bolt  contact. 

Other  "Coprox”  features  include  gold  coating  on 
the  positive  contact  surface  of  standard  copper  oxide 
“pellets”  .  .  .  high  leakage  and  low  forward  resistance 
.  .  .  adaptable  mountings  .  .  .  conservative  ratings 
and  high  test  standards. 

Broad  experience  with  rectifier  applications,  and 
with  circuit  design  and  manufacturing  problems, 
prepares  Bradley  to  accept  and  meet  unusual  spe¬ 
cifications  for  "Coprox”  rectifiers.  Ask  for  details. 


B^22J  Double  bridge  rectifier 
with  current  and  temperature-cur¬ 
rent  characteriatica  balanced  to 
better  than  1%  over  a  range  of 
-40*C  to  -|-70*C.  Rated  up  to 
ToHa  A.C.,  3  voha  D.C.,  A  milli- 
amperee  D.C. 


BX-100  Center  tap,  full  wave  rec¬ 
tifier.  Completely  encloaed  in  Bake- 
bte.  Low  capacitance.  Rectifiea 
high  frequency  current.  Rated  up  to 
4.A  volts  A.C.,  3.0  volts  D.C.,  500 
microamperes  D.C. 


BX-22.fi  Single  half-wave  rectifier 
rated  up  to  4fi  volts  A.C.,  3.0  voHs 
D.C.,  2.5  milliamperes  D.C. 


BX-22.2  Full  wave  rectifier  rated 
up  to  4fi  volts  A.C.,  3.0  volts  D.C., 
5  milliamperes  D.C. 


BX-22.4  Double  half-wave  rectifier 
rated  up  to  4fi  vohs  A.C.,  3.0  volts 
D.C.,  2fi  milliamperes  D.C. 


Luxtron*  photocells  are  another  Bradley  achievement. 
Trade  Mark  Reg.  U.  S.  Pat.  Off. 


bulb,  and  input  voltage  affect 
equally  the  light  falling  on  both 
phototubes,  causing  no  unbalance 
of  the  system.  The  bridge  circuits 
employed  also  make  the  electronic 
circuits  relatively  free  of  unbal- 
ance  due  to  supply  voltage  fluctua¬ 
tions. 

The  torque,  angle  characteris¬ 
tics  of  the  polarized  light  servo- 
system  are  dependent  on  the  char¬ 
acteristics  of  the  amplifier  and 
motor.  Within  operating  limits 
the  torque  is  approximately  pro¬ 
portional  to  the  relative  angular 
displacement  of  the  light  polar¬ 
izers  at  any  given  speed.  Series 
motor  characteristics  make  possi¬ 
ble  very  high  torques  for  rapid 
acceleration  and  deceleration.  It 
is  estimated  that  the  primary  shaft 
can  accelerate  or  decelerate  at 
2,000  rpm  per  second  or  more  be¬ 
fore  the  secondary  shaft  will  drop 
out  of  synchronism.  Speeds  as 
high  as  1,600  rpm  have  been  used 
but  this  is  not  necessarily  the  upper 
speed  limit. 

The  secondary  shaft  will  follow 
the  primary  shaft  in  angular  posi¬ 
tion  with  an  accuracy  of  plus  or 
minus  one  or  two  degrees.  This 
accuracy  will  be  affected  by  non¬ 
uniformity  of  polarization  in  the 
polarizers  and  non-uniformity  of 
light  transmission  through  them. 
Since  the  primary  and  secondary 
polarizers  normally  operate  at  45 
deg  to  each  other,  the  rate  of 
change  of  light  transmission  with 
respect  to  angular  displacement  is 
a  maximum.  Therefore,  the  angu¬ 
lar  errors  due  to  variations  in  the 
polarizers  are  at  a  minimum. 


Integration 
For  accurately  solving  problems 
involving  integration,  the  radius 
r  at  which  the  integrating  wheel 
rolls  on  the  turntable  is  variable 
by  means  of  a  cam  or  screw  and 
represents  the  integrand. 

If  6  is  the  angular  displacement 
of  the  turntable,  the  angular  dis 
placement  of  the  integrating  wheel 
and  primary  shaft  p  is  proportional 
to  r  d0f  or  p  =  k.  J'r  dO. 

The  angular  displacement  of  the 
secondary  shaft  is  the  same  as  that 
of  the  primary  shaft  and  integrat 
ing  wheel,  and,  since  considerable 
power  is  available  to  drive  this 
shaft,  it  can  be  loaded  to  drive 
other  calculating  and  recording 
mechanisms.  The  primary  shaft  is 
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A  TWO-WAY  LOUDSPEAKER 
IN  COMPAG  FORM  . 

Unequalled  standards  of 
frequency  range  and 
power  capacity  with  low 
distortion  are  provided  in 
the  new  compact  two-way 
Altec-Lansing  Duplex 
Speakers.  They  deliver  a 
new  high  in  monitoring, 
phonograph,  FM  and  AM 
radio  set  performance. 
Complete  engineering 
details  on  request. 
SEND  FOR  lULLETINS 


mf  TIFT  RK..  MUTWOte  2t.  CIUF. 


I  held  in  alignment  by  jewel  bear- 
i  ings  and  is  balanced  so  that  radial 
and  thrust  loads  are  substantially 
zero.  Since  there  can  be  no  re¬ 
straining  torque  on  the  primary 
shaft  due  to  loading  of  the  sec¬ 
ondary  shaft,  the  integrating 
wheel  rolls  on  the  turntable  with 
negligible  slippage  and  correspond¬ 
ingly  high  accuracy. 

The  secondary  shaft  is  at  right 
angles  to  the  primary  shaft  and 
the  light  beams  are  changed  in  di¬ 
rection  by  means  of  mirrors. 

The  photograph  of  the  machine 
shows  the  cams  for  moving  the  in¬ 
tegrating  wheels  on  the  turntables. 
The  driving  motors  and  thyratron 
controls  are  on  the  shelf  above 
the  turntables  and  cams. 

Speed  Measurement 

In  another  application  a  varia¬ 
tion  of  this  servo-system  has  been 
used  to  accurately  measure  over  a 
wide  range  the  speed  of  a  large 
rotating  machine.  The  turntable 
is  driven  at  a  constant  and  ac¬ 
curately-known  speed  by  a  syn¬ 
chronous  motor  from  a  regulated 
frequency  source.  The  secondary 
polarizers  are  driven  -by  the  ma¬ 
chinery  whose  speed  is  to  be  meas¬ 
ured  and  the  wheel  is  positioned 
i  on  the  turntable  so  that  it  follows 
the  secondary  polarizers,  thus  the 
radius  of  the  wheel  on  the  turn¬ 
table  is  an  accurate  measure  of 
the  unknown  speed.  Speed  meas¬ 
urements  have  been  made  to  0.025 
percent  accuracy  for  primary  shaft 
speeds  up  to  1300  rpm. 

Differentiation 

In  the  measurement  of  speed  as 
described  above,  the  servo-system  is 
actually  used  as  a  differentiator 
in  which  the  angular  displace¬ 
ment  of  the  secondary  polarizers 
p'  may  be  expressed  by  the  equa¬ 
tion  :  p'  =  f  iOjdt  where  u>,  is  the 
angular  velocity  of  the  control 
polarizers. 

The  angular  displacement  of  the 
primary  polarizer  p  is  expressed  by 
p  =  kj’r  dd,  0  =  a),f,  where  u>i  is  | 
the  angular  velocity  of  the  turn¬ 
table,  do  =  lo/it. 

If  p  =  p',  then  dp  =  dp'  =  a>,df 
=  kiojrdt  and  toi  =  dp'/dt  =  dp/dt 
=  fctojr.  Since  w,  is  constant, 
dp'/  dt  =  Kr. 

When  used  as  a  differentiator, 
the  servo-system  is  inherently  os¬ 
cillatory,  but  by  taking  the  proper 


We  Are  Molding  Millions  of  Precision 
Ports  Now  Being  Supplied  by  Primo 
Contractors  to  the  Armed  Forces 

Our  craftsmen’s  skill  .  .  .  the  result 
of  intensive  study  and  wide  experience 
...  IS  still  further  improved  by  the 
strict  attention  to  detail  required  to 
meet  Army  and  Navy  specifications. 

Victory’s  staff  can  do  a  better  mold¬ 
ing  job  for  you.  If  your  plastic  produa 
will  help  win  the  war,  we  are  ready  to 
work  with  you  at  once  ...  we  have 
facilities  to  han¬ 
dle  a  limited 
number  of  new 
contracts.  If  your 
product  must 
wait,  our  engi¬ 
neers  are  ready 
now  to  plan  with 
you  for  leader¬ 
ship  in  the  post¬ 
war  market.  Write 
us  today  and  let 
us  know  your 
problems. 

Member:  Society  of  the 

PUsties  Imelmstry 
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The  Resourcefulness  of  the 
N-Y-T  SAMPLE  DEPARTMENT 

^AknomeminSetiinmcf'Skto/ 


A  Th«  flexibility  of  N-Y-T  engineering  is  empha- 
sized  by  the  type  and  scope  of  its  transformer 
designs.  Prior  to  the  Defense  era,  N-Y-T  tech- 
nicians  produced  special  custom-designed 
^  *  \ynits  for  general  precision  applications.  Then, 

with  military  preparations,  transformers,  rectifiers  and 
solenoids  — ^f^r  practically  every  phase  of  electronic 
equipment — were^included  in  N-Y-T  production. 

With  the  acfvent  ofvwar,  the  ingenuity  and  resourceful¬ 
ness  of  the  NEW  YORK  TRANSFORMER  Sample  Depart¬ 
ment  kept  pace  with^the  unprecedented  demands  of 
Army,  Navy  and  Air  Forces.^ 

The  experience  gained  now^in  producing  for  the  war 
effort  is  helping  gear  NEW  YORK  TRANSFORMER  COM¬ 
PANY  to  peace  time  requirements  for  both  civilian  and 
industrial  transformer  products.  \  q  q 

Whether  your  post-war  product  in- 
votves  a  marine,  aviation  or  indus- 
transformer  for  unusuot  oppli- 
or  the 

Sample  Deportment  can  the 
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steps  the  oscillations  can  be  highly 
damped.  ' 


bibliography 


(1)  Clark,  Howard  L.,  High-Speed  Photo¬ 
electric  Recorder,  Oeneral  Electric  Rericie 
45,  No.  7,  p.  884-887,  July  1942 

(2)  Hazen,  H.  L.,  Theory  of  Servo- 
Mechaniams,  Jour.  Franklin  Jnet.,  tia 
p.  279-881,  Sept.  1984,  (containa  extensive 
bibliography). 

(8)  Varney,  Robert  N.,  An  All  Electric 
Integrator  for  Solving  Differential  Eiiua- 
tiona,  Bev.  8ci.  Inatr.,  IS,  p.  10-16,  Jaa. 
1042  ** 

(4)  Berry,  T.  M.,  Follow-up  Device. 

U.  S.  Patent  No.  2,167,484.  ^ 

(5)  Kuehni,  H.  P.  and  Peteraon,  H.  A. 
A  New  Differential  Analyser,  paper  pr^ 
aented  at  AIEE  Midwinter  Convention 
New  York  City,  January  1M4. 


The  conTontlonal  method  used  in 
recording  blood  pressure  consists  oi 
transmitting  the  pressure  Toriotions  to 
the  writing  point  on  the  smoked  poper 
by  means  of  a  float  in  a  manometer 
tube 
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Phpto  Ti^be  for 
Biological  Recording 


A  m:vice  for  transforming  motion 
of  a  column  of  mercury  or  other 
opaque  fluid  into  a  corresponding 
motion  of  a  power-driven  pen  is 
described  by  Sergei  Feitelberg,  of 
Mount  Sinai  Hospital  in  New  York, 
in  the  Proceedings  of  the  Society 
for  Experimental  Biology  and  Med¬ 
icine  for  February,  1942.  This  is 
an  application  to  a  physiological 
problem  of  a  method  used  in  several 
recording  meters  for  controlling  a 


pen. 

The  method  ordinarily  used  in 
physiological  recording  of  pres¬ 
sures  requires  a  vertical  kymograph 
with  smoked  paper.  A  wide  -ma¬ 
nometer  tube  with  a  light  float  con¬ 
nected  to  a  writing  point  lightly 
touching  the  paper  produces  the 
record.  Very  little  pressure  on  the 
writing  point  can  be  used,  as  the 
float  is  easily  submerged.  A  wide 
manometer  tube  is  necessary  in 
order  to  provide  better  support  for 
the  float,  but  has  the  disadvantage 
of  drawing  several  cc  of  blood  from 
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Noise  Meets  Its 
Master  with  Permofli 
Acoustical  Devices 


Permoflux  Dynamic  Acoustical 
Devices,  operating  under  extreme 
noise  conditions,  have  proved  the 
essentiallity  of  uniform,  wide  fre¬ 
quency  response.  No  other  single 
factor  contributes  more  to  the 
intelligible  transmission  of  vital 
war  messages.  With  the  coming  of 
Peace, there  will  be  many  Permoflux 
engineered  products  to  improve 
the  efficiency  and  operation  of 
speech  transmission  equipment. 


BUY  WAR  BONDS  FOR  VICTORY! 
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Write  for  the  NEW 
Johnson  Catalog 
9680 


JOHIVSON 

a  '^amou5  name  in  IQ^adio 


UALLY 
DESIGNED 

For  7«cn  Johnson  has  spodolimd  in  indlrlduallT  dssiqnod 
componsnts  lot  radio  transmitting  squipmont  Pictursd  on 
this  pago  is  o  gas  fiUod  prossurs  Toriahis  condsnssr  with 
Mycolsx  insukxtsd  flsxibls  coupBng,  a  coupiing  inductor, 
o  broadcast  station  phosing  unit  lor  a  diroctional  antsnna 
STStom.  a  broadcast  station  towor  coupling  unit  and  a 
switching  roloy  copobls  of  carrying  hoary  currants,  and 
raquiring  no  holding  currant  to  midntoin  contact 

Thoso  ora  typical  ol  tho  thousands  of  Johnson-designed 
nidis  that  ora  In  serrice  oil  orer  the  world.*  Some  oi  them 
ora  odaptations  oi  o  stondard  design  ond  others  ore 
engineered  from  the  beginning  for  o  particular  application. 
Johnson  Engineers  Uke  performance  specifications.  If  you 
hare  a  radio  problem,  write  for  the  Johnson  solution.  We 
beliere  you  will  like  it  and  there  is  no  obligation. 
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Jackson 

S/ecAlca/  &e^i{n^ 

JACKSON  ELKCTRICAL  INSTRUMENT  COMPANT.  DATTON.  OHIO 


In  th«  nlnctronic  sTstnm  of  mcordinq 
blood  proMure.  tho  Uqht  boom  oad 
phototubo  ceniM  tho  motor  to  conoci 
tho  pooltion  of  tho  tlido  constcmUy  at 
a  roto  of  two  oscillotiono  por  oocond 
OTor  a  difltanco  of  1  to  2  mm.  Whoa 
tho  morcury  column  moToi  duo  to 
Torkition  of  prooouro,  tho  motor  moTw 
tho  tlido  ot  a  roto  of  20  mm  por  tocoad 


the  vessels  of  an  animal  when  a  rise 
in  blood  pressure  occurs. 

In  the  apparatus  described,  a 
light  beam  is  used  instead  of  the 
float.  A  slide  carries  a  lamp  and 
phototube.  It  has  a  female  thread, 
engaging  a  threaded  brass  rod, 
which  controls  the  position  of  the 
slide  with  respect  to  the  mercury 
column.  The  rod  is  rotated  by  a 
reversible  electric  motor,  and  the 
slide  raised  and  lowered,  depending 
on  the  direction  of  rotation  of  the 
motor.  This  factor  is  controlled  by 
a  phototube-amplifier-relay  combi¬ 
nation. 

The  light  from  the  lamp  is  di¬ 
rected  to  the  manometer  tube.  If 
it  is  prevented  from  striking  the 
phototube  by  the  mercury  column, 
the  motor  rapidly  raises  the  slide 
until  the  light  beam  is  above  the 
mercury.  The  light  hitting  the 
phototube  causes  the  relay  to  re¬ 
verse  the  motor,  and  the  slide  is 
lowered  until  the  light  beam  is 
again  interrupted.  This  oscillation 
continues  over  a  distance  of  1  to 
2  mm,  at  a  rate  of  2  per  second. 
If  the  mercury  column  is  moving, 
the  slide  follows  at  a  rate  of  20  mm 
per  second. 

The  advantages  of  this  method 
over  an  ordinary  float  with  a  pen 
recording  on  a  smoked  drum  are 
given  as  follows: 


1.  Any  system  of  recording  can 
be  used,  as  the  power  is  supplied  by 
the  motor. 

2.  A  very  thin  mercury  column 


Buy  War  Bonds  and  Stamps  Today! 


It’s  an  act  of  bravery  to  possess  a 
radio  receiver  in  any  country  occu¬ 
pied  by  the  Nazi  or  the  Jap  today. 
It’s  an  act  of  heroism  to  operate  a 
transmitter. 

What  could  prove  more  convinc¬ 
ingly  the  total  value  of  radio  than 
the  frantic  haste  with  which  it  is 
silenced  or  controlled  by  the  Totali¬ 
tarian?  Or  its  use  by  the  Free  Peoples 
in  directing  their  offensives  .  .  .  and 
in  keeping  their  will  for  victory 
living  and  single-purposed? 


Some  day,  the  experiences  Jackson 
has  been  having  in  developing  and 
supplying  electrical  testing  equip¬ 
ment  to  our  armed  forces  will  be 
reflected  in  finer  products  for  you. 

In  the  meantime  thousands  of  pre¬ 
war  Jackson  Instruments  are  still 
performing  to  keep  ’em  listening  on 
the  home  front.  The  dependability 
this  represents  is  but  another  benefit 
of  the  "hidden”  plus  of  a//  Jadcson 
Instruments  .  .  .  INTEGRITY  OF 
DESIGN. 


If  your  Jackson  Instruments  should  need  cali¬ 
bration,  checking,  or  parts  replacement,  write 
to  the  faaory.  Maintaining  products  bearing 
the  Jackson  trade  mark  is  a  responsibility  that 
we  will  fufill  as  promptly  as  possible  under 
wartime  conditions. 


Model  652  Audio  Otcillotor 
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ViELLULOSE  ACETATE  18  big  in  the  electrical  news  frc 

today.  Designers  and  engineers  have  new'  apprecia¬ 
tion  of  its  corrosion-resistance  prr.pf^  lies — its  high  I 

dielectric  strength. 

Lumarith,  in  foil  and  film  fonn,  is  the  safe  lin¬ 
ing  and  covering  for  coils,  tubes  and  bobbins.  It 
has  no  corrosive  effect  on  current-cerrying  copper 
wire  even  in  the  presence  of  moisture.  It  has 
good  resistivity  and  high  dieleciric  strength. 
Electrical  equipment,  subject  to  O^tFeme  condi¬ 
tions  of  moisture  and  humidity,  will  benefit 


from  this  extra  protection  Lumarith  can  supply. 
Investigate  the  electrical  possibilities  of 
Lumarith  plastics.  Write  for  Celanese  electrical 
booklet.  The  facts  you’ll  need  are  available  in  its 
pages.  Celanese  Celluloid  Corporation,  The  First 
Name  In  Plastics,  a  division  of  Celanese  Corpora¬ 
tion  of  America,  180  Madison  Avenue,  New  York 
City  16.  Representatiies:  Dayton,  Philadelphia, 

.  Cleveland,  Chicago,  St.  Louis,  Detroit,  Los 

i-  Angeles,  Washington,  D.  C.,  Leominster,  Mon 

fit  treal,  Toronto. 


LUNURITH  PIASTKS  IN  FILM.. FOIL.. MOIDING  MAnilALS  AND  OTHER  FORMS 


TVyE  IN  OlaiMM*  llour- 
“Craat  Momenta  in  Muaic”* — 
Columbia  Network, 
Wedneadays,  10  P.  M.,  E.  W.  T. 


•Her.  II.  S.  Pal.  IMT. 
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can  be  used,  reducing  the  change  in 
volume  in  the^ystem  in  which 
pressure  is  being  measured.  Thi] 
is  rather  important  for  recording 
arterial  pressures  in  small  animals. 

3.  The  deflection  of  the  manom¬ 
eter  can  be  amplifled  by  mechaif> 
ical  means,  by  connections  bet^veen 
the  moving  photocell  assembly  and 
the  pen.  Ampliflcation  can  also  be 
obtained  by  inclining  the  manom¬ 
eter  tube ;  the  ampliflcaton  fa6 
tor  is  1/eos  a,  where  a  is  the  ani^ 
between  the  tube  and  the  vertical 
— W.E.G. 


Simple  C-R  Tube  .Voltmeter  ' 

•r 

A  KEYf  TYPE  of  cathode-ray  tubd 
that  uses  the  ^J^ow  of  an  obstacle 
placed  in  the  path  of  the  electron 
beam  as  an  indicating  pointer  for 
the  measurement  of  high  voltages 
is  described  in  by  W.  Ehrenberg 
and  H.  Hirsch  in  the  October,  1948 
issue  of  Journal  of  Scientific  1%. 
strumenta  (The  University,  Read¬ 
ing,  Berkshire,  England).  Volt¬ 
ages  up  to  60,000  are  measured  di¬ 
rectly  by  the  tube  without  deflec¬ 
ting  plates  or  special  focusing. 

In  the  tube,  a  flne  crossover  is 
formed  a  little  in  front  of  a  circu¬ 
lar  aperture  placed  in  front  of  an 
emitting  cathode,  so  that  the  elec¬ 
trons  that  emerge  from  the  aper¬ 
ture  may  be  considered  to  originate 
from  this  crossover  point  as  from  a 
point  source.  An  obstacle  placed  in 
the  path  of  the  beam  beyond  this 
point  throws  a  sharp  shadow  on  the 
fluorescent  screen,  which  remains 
sharp  for  all  values  of  the  anode 
voltage.  A  suitable  obstacle  con¬ 
sists,  for  example,  of  an  oblong 
aperture  along  which  is  stretched 
a  flne  wire.  The  beam  then  passes 
through  the  fleld  of  a  small  per¬ 
manent  magnet  by  which  it  is  de¬ 
flected  as  a  whole.  Some  distortion 
due  to  the  non-homogeneity  of  the 
field  and  to  the  variation  of  the  an¬ 
gle  at  which  the  beam  hits  the 
screen  results  but  there  is  no  loss 
of  definition. 

A  good  idea  of  the  scale  can  be 
obtained  by  assuming  the  field  to 
be  short  and  uniform.  Then  for 
a'' screen  normal  to  the  undeflected 
beam  (as  in  the  ordinary  cathodfr 
ray  tube)  situated  at  a  distance  L 
beyond  the  end  of  the  field  the  posi¬ 
tion  of  the  shadow  is  given  by 
X  =  ML/yJV  —  a  where  3f  is  a  con- 


Special  Broadcast  to  the  Land  of 
"WRITHING  SONS!" 


A  variety  show,  indeed  .  .  .  the  rhythm  of  booming  guns  .  .  .  the 
quickening  tempo  of  marching  feet  .  .  .  and  the  whining  whistle  of 
a  block-boster. 

From  fhe  foxhole  in  the  jungle  to  the  cockpit  of  a  “fighting  Tiger” 
.  .  .  Gates*  communications  equipment  helps  form  the  network  for 
this  “broadcast”  of  American  anger  no  Jap  will  ever  forget!  ^ 

Yes,  the  same  Gates  whose  equipment  you’ll  find  throughout  the 
broadcasting  industry  ...  is  now  a  name  that  will  be  remembered 
wherever  the  action  is  the  thickest!  In  tanks,  jeeps,  planes,  ships 
and  mobile  units  .  .  .  Gates’  communication  equipment  takes  the 
roughest  handling  and  comes  back  for  more! 

Back  of  Gates*  ruggedness  and  performance  are  new  production 
techniques  .  .  .  new  engineering  developments  .  .  .  that  keep  our 
enlarged  plant  busy  .  .  .  but  tomorrow,  these  manufacturing  **know- 
hows”  will  be  applied  to  providing  better  performance  and  greater 
economy  .  .  . 


in  the  meantime,  our  engineering  staff  is  ready  to  assist 
and  advise  on  the  maintenance  of  your  present  equip¬ 
ment — whether  you  are  Gates-equipped,  or  not. 


RADIO  AND  SUPPLY  CO 

timcv.  iLiiMis,  a.  s.  a. 


Manufacturing  Engineers  Since  1922 


ELECTRONICS 


I-ECTRONI 


^he  sad  case  of 


^'sfory 


any  an  achievement  in  the  war  effort  is  "born  to  blush 
. .  at  least  for  the  present.  The  case  history,  com¬ 
plete  with  photographs  and  diagrams,  cannot  now  be 
revealed. 

In  many  ways  General  Electronics  Industries  has  been 
helping  to  establish  the  great  war  record  of  electronics, 
through  cooperative  research  with  industrial  organizations 
and  Army  and  Navy  research  agencies.  Present  conditions 
do  not  permit  a  full  recounting  of  these  achievements. 

General  Electronics  Industries  is  one  of  the  largest  or¬ 
ganizations  specializing  in  electronics.  And  this  organiza¬ 
tion,  which  has  met  the  exacting  tests  of  war,  has  the  re¬ 
search  engineering  skill  and  production  facilities  that  will 
best  answer  your  electronics  needs  when  the  war  is  over. 

Engineering  Department,  General  Electronics  Industries, 
342  West  Putnam  Avenue,  Greenwich,  Connecticut. 
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Here's  a  product  mdde  of  thin  plastic  and  held  together 
with  Cherry  Blind  Rivets.  There  are  no  blind  spots  in  this 
structure  but  Cherry  Rivets  are  used  because  they  reduce 
spoilage  and  are  easy  to  apply. 

Cherry  Rivets  make  ideal  fasteners  for  pliable  or  brittle 
material.  There's  no  hammering  on  rivet  heads-— no  buck¬ 
ing  bar  needed.  Rivets  are  headed  by  a  pulling  force. 
They  have  high  shear  and  fatigue  values — are  applied 
much  faster  than  conventional  rivets. 

Get  the  complete  story  on  Cherry  Rivets  now.  They 
can  save  you  time,  money  and  a  lot  of  trouble  on  tough 
riveting  or  fastening  jobs. 


Cherry  Blind  Rivets  are  made  with  brazier 
and  countersunk  heads  in  both  hollow  and 
self  -  plugging  types. 
||||||||a|||||||S|||rifl  Gun  pulls  mandrel  in- 
to  rivet,  forms  head 
on  blind  side. 


Hollow  Ckorry  Rivot  Solf-Plugging 
Gun 


WRITE  FOR  HANDBOOK  A-43-T«lls  all  about  Cherry 
Rivets  and  bow  to  use  them.  Address  Dept.  A-120,  Cherry 
Rivet  Co.,  231  Winston  Street,  Los  Angeles  13,  California. 


Chorry  Rhott, 
thoir  manofocturo  ond 
•pplieotion  »ro  covered 
by  U.S.  PotontM 
issued  and  ponding 
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Fig.  1 — Placing  the  screen  parallel  to 
the  axis  of  the  undellected  beam  pro- 
rides  the  nearly  linear  colibratloB 
curre  shown  obore 


stant  depending  on  the  field  and 
(x  +  o)  is  the  distance  of  the 
pointer  from  the  axis;  x  =  0  for 
^  ““  V  nax*  If,  however,  as  in  the 
new  tube,  the  screen  is  placed 
parallel  to  the  axis  of  the  unde¬ 
flected  beam,  the  position  of  the 
pointer  is  given  by  y  =  L  —  V  V. 
a/M.  Here  again  y  =  0  for  V  = 


The  variations  of  x  and  y  with 
voltage  are  shown  in  the  two 
curves  of  Fig.  1 ;  the  constants  are 
different  for  the  two  curves,  being 
so  chosen  that  the  range  from 

9  kv  to  36  kv  shall  extend  over 

10  cm  of  the  scale  in  each  case. 
It  will  be  seen  that  the  new  scale 
is  nearly  linear. 


Tube  Aeeembly 


The  construction  of  the  new  tube 
is  shown  in  Fig.  2.  The  cathode 
consists  of  a  fine  tungsten  wire  in 
the  form  of  a  hairpin,  supported 
on  a  ceramic  base.  In  front  of  the 
bend  of  the  hairpin  is  a  cathode 
screen  with  a  0.03  in.  circular  aper"- 
ture.  This  is  electrically  connected 
with  the  negative  high  voltage,  and 
also,  through  a  half-megohm 
sistor,  to  the  filament,  so  that  the 
cathode  is  maintained  with  a  posi¬ 
tive  bias  to  the  cathode  screen.  The 
total  current  passing  through  the 
tube  amounts  to  about  10  /xa,  and 
is  almost  independent  of  the  volt¬ 
age.  The  drain  imposed  on  the 
source  is  therefore  very  small  and 
the  heat  produced  by  the  electron 
beam  at  any  part  of  the  tube  is 
negligible. 

The  whole  upper  part  of  the  tube 
forms  the  anode ;  it  is  metallized  on 
the  inside  except  for  a  strip  down 
the  side  covered  by  the  fluorescent 
screen.  A  nozzle  extends  down¬ 
wards  from  the  upper  portion  to 
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units  mak»  them  unsurpassed  for  radio  fre¬ 
quency,  intermediate  frequency  or  pushbutton 

circuit  adjiutment . . .  Produced  now  in  limited 

o 

quantities  for  military  equipment,  AUTOMATIC 
Mica  Trimmer  and  Padders  will  be  available 
again  after  the  war  .  .  .  precision-made  and  in 
thousands-per-houx  volume  from  our  mechan¬ 
ized  production  lines. 


!h4lLUONS  of  home  radio  receivers,  now 
irreplaceable,  depend  on  AUTOMATIC  Mica 
Trimmer  and  Padder  condensers  for  calibration 
. .  yet  never  have  we  received  a  single  com¬ 
plaint  of  failure  in  service . . .  Low  cost,  ease 
of  adjustment,  wide  capacity  ranges  and  facil¬ 
ity  of  mounting  in  either  siirgle  or  multiple 


nUTOMATIC 

IV I  A/ D I IV  G  CO.,  live. 


COMPLETE  ELECTRONIC  ASSEMBLIES  &  COMPONENT  PARTS 
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within  about  1  cm  of  the  aperture. 
This  part  of  the  construction  fol¬ 
lows  closely  that  given  by  Pearce.’ 
The  obstacle  consists  of  a  straight 
wire  0.004-in.  diameter  stretched 
over  an  oblong  aperture.  This  is 
placed  about  1.5  in.  up  the  nozzle. 
At  a  farther  distance  of  about  2  in. 
is  the  small  magnet  giving  the  d^ 
fleeting  fleld,  which  is  clamped  on 
the  outside  of  the  tube. 

^  For  a  steady  response  the  inside 
of  the  tube  must  be  free  from  stray 
electric  fields  such  as  would  be  pro¬ 
duced  by  any  areas  not  in  electric 
contact  with  the  metallized  surface. 
For  this  reason  the  fluorescent 
screen  is  deposited  on  a  thin  under¬ 
coating  of  zinc  oxide.*  The  zinc 
oxide  is  remarkably  photo-conduc¬ 
tive,  and,  so  formed,  the  whole 
screen  becomes  conducting,  and  will 
therefore  be  at  the  same  potential 


Day  in  and  day  out  the  grim  demands  of 
war  call  for  more  and  more  engineering  in¬ 
genuity.  More  than  ever  "necessity  is  the 
mother  of  invention". 

Apace  with  this  constant  wartime  pressure, 
Temple  engineers  have  gone  far  in  the  field 
of  electronics.  Almost  overnight  new  ideas 
or  new  methods  give  birth  to  new  develop¬ 
ments  in  vital  war  equipment  —  give  birth, 
likewise,  to  blue  prints  for  the  vast  commer¬ 
cial  requirements  at  war's  end. 

When  it  comes  to  peacetime  electronics  it 
will  pay  you  to  "team  up  with  Temple". 


Electronics  Division 

TEMPLETONS 
RADIO  COMPANY 

Mystic,  Conn. 


Fig.  2 — ^Mschcmicol  arrongsoMBt  ol  Um 
elements  iorming  the  electronic  roll- 
meter  ior  measuring  high  roltaget 
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tion  molding  materials,  which  allow  the  rapid 
fabrication  of  parts,  this  superior  low-loss  insu¬ 
lation  is  available  as  films,  resin  solutions  for 
insulation  coatings,  and  readily  machined  sheets, 
tubes  and  rods. 

•  Investigate  these^materials  now — for  immediate 
essential  needs,  and  for  a  better  understanding  of 
their  usefulness  in  your  postwar  developments. 
Address  Department  7. 


When  the  efficiency  of  low-loss  insulation  is 
determined  by  its  dimensional  accuracy  under 
a  variety  of  conditions,  consider  Bakeute  Poly¬ 
styrene  Plastics.  These  exceptional  electrical 
insulating  materials  are  unsurpassed  among  ther¬ 
moplastics  for  their  dimensional  stability.  Mold 
shrinkage  is  low,  varying  between  0.002  and 
0.008  inches  per  inch.  Even  after  318  hours' 
immersion  in  water  (2H-inch  disk)  dimensional 
change  is  only  0.05  per  cent. 

■  The  opportunities  for  product  improvement 
with  Bakeute  Polystyrene  Plastics  are  not  lim¬ 
ited  to  molded  parts  alone.  In  addition  to  injec¬ 


BAKELITE  CORPORATION,  30  E.  42  St,  NcwYork  1 7 
Unit  of  Union  Carbide  and  Carbon  Corporation 

CHS 
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WIRE  SPRINGS 


LIGHT  stampings 


as  the  rest  of  the  inner  surfiice. 
All  metal  parts  are  well  degassed 
before  they  are  inserted  in  the 
tube  and  the  tube  is  highly  evacu¬ 
ated  with  the  usual  precautions 
and  sealed  off. 

The  only  accessory  required  is  a 
filament  transformer,  of  small  di¬ 
mensions  if  the  negative  high  volt¬ 
age  is  grounded.  A  circuit  diagram 
is  given  in  Fig.  3.  The  luminous 
pointer  appears  on  the  scale  when 
the  filament  is  heated  and  the  high 
voltage  connected.  The  inhomoge¬ 
neity  of  the  field  and  the  curva¬ 
ture  of  the  screen  cause  a  slight 
curving  of  the  pointer  which  in¬ 
creases  towards  the  high-voltage 
end  of  the  scale.  A  sufficient  defini¬ 
tion  is  maintained  over  a  10  cm 


mmmm  I 
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«ln  a  field  of  precision  manufacturing,  such  as  the  electronics- 
radio  industry,  demanding  perfect  performance  {rom  delicately 
balanced  mechanisms,  the  accuracy  and  uniformity  of  Reliable 
Springs  are  keenly  appreciated.  For  years  Reliable  has  provided 
springs  and  associated  parts  for  prominent  builders  of  aircraft 
and  makers  of  aircraft  equipment.  Now,  for  communication,  broadcasting,  and 
receiving  apparatus,  control  and  detection,  and  for  the  whole  range  of  industrial 
application  of  electronic  devices — Reliable  is  prepared  to  furnish  springs  to  the 
stifFest  engineering  specifications. 

Proper  attention  to  minute  detail  dnd  special  characteristics  is  particularly 
vital  in  springs  for  such  purposes.  We  believe  that  Reliable  standards  of  crafts¬ 
manship  are  of  special  significance  to  such  spring  users — and  that  by  the  con¬ 
sistent  use  of  our  products  you  are  able  to  secure  uniformly  better  results. 

Ceaseft  wiffc  as  ea  year  raqalreaiaafs. 

Catalog  No.  44  seat  oa  raqaatf. 

THE  RELIABLE  SPRING  &  WIRE  FORMS  CO. 

31*7  FmHoh  Rd.,  Clavalaad  9.  Ohio  •  RaproMutafivos  la  Priacipal  CIHaa 
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High  vo/iage 


Fig.  3 — Tha  high  voltago  to  be  meas¬ 
ured  connects  between  the  cothods 
screen '  ond  the  anode  formed  by  the 
upper  port  of  the  tube 


scale,  so  that  the  voltage  can  be 
read  to  within  3  percent  over  the 
whole  scale.  It  would  seem  possible 
to  eliminate  the  pointer  curvature 
though  the  efTect  was  not  found 
disturbing  enough  to  warrant  a 
sacrifice  of  simplicity. 

The  range  of  the  meter  depends 
on  the  strength  of  the  magnet;  a 
magnet  giving  the  instrument  any 
voltage  range  desired  is  easily  ob¬ 
tained.  A  number  of  different 
magnets  were  tried,  but  no  very 
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HO  MOH  SEOIID  OTTEHFT  TO  PLOT  OOIF 


nothing  finer  than  a  Stromberg- 
Carlson!” 

Stromberg-Carlson’s  post¬ 
war  plans  include  the  develop¬ 
ment  of  important  new  elec¬ 
tronic  equipment.  Be  sure  to 
_  consider  Stromberg- 

F  Carlson  when  making 
your  post-war  plans. 


This  curious  description  of 
golf  appeared  in  the  Amer¬ 
ican  press  fifty  years  ago:  "No 
man  should  attempt  to  play  golf 
who  has  not  good  legs  to  run 
with  and  good  arms  to  throw 
with ...  his  servant,  who  is  called 
a  caddy,’  runs,  after  him  with 
all  the  other  nine  tools  in  his 
arms."  Golf,  in  those  days,  was 
one  of  many  things  people 
knew  little  about.  ">Xhreless’* 
was  hardly  more  than  a  play¬ 
thing.  You  had  to  shout  into 
telephones.  And  sound  equip- 
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ment  wasn’t  even  in  use!  As 
we  mark  our  fiftieth  anniver¬ 
sary  year,  we  feel  that  there 
has  scarcely  been  a  single 
year  in  which  we  have  not 
learned  something  of  value  to 
our  customers.  Because  of 
this  experience  we  are 
proud  to  say,  "There  is  w 
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STROMBERG-CARLSON 
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great  superiority  was  found  for 
any  particular  shape.  A  steel  ring 
magnetized  across  a  diameter  ap¬ 
peared  to  give  a  slightly  more  homo¬ 
geneous  field  than  the  U-shaped 
magnet  shown.  The  magnet  ig 
clamped  in  position  by  a  simple 
non-magnetic  clip  (not  shown)  that 
may  be  sealed  in  position  with  some 
sealing  wax.  The  constancy  of  the 
scale  depends  critically  on  that  of 
the  magnet.  A  limit  is  set  to  the 
voltage  applicable  by  the  electric 
strength  of  the  tube ;  the  particular 
tube  described  was  tried  up  to 
40  kv. 

Calibration 

As  the  diameter  of  the  tube  is 
only  about  4  cm,  the  glass  may  be 
quite  thin  and  no  grave  parallactic 
error  is  incurred  by  having  the 
scale  on  the  outside.  The  earth’s 
magnetic  field  causes  an  additional 
deflection  of  the  pointer  of  a  few 
millimeters  that  is  noticed  if  the 
tube  is  turned.  The  earth’s  field 
can  be  allowed  for  either  by  keep¬ 
ing  the  tube  always  vertical  and 
facing  the  same  direction  or,  ap¬ 
proximately,  by  setting  the  mag¬ 
net  according  to  the  direction  of 
the  tube.  With  these  precautions  no 
magnetic  shielding  was  found 
necessary. 

For  poorly  smoothed  d.c.  a  nar¬ 
row  slit  is  preferable  to  the  ob¬ 
stacle  described  as  the  shadow  of 
the  thin  wire  becomes  obliterated 
when  the  pointer  moves  rapidly. 
The  tube  can  then  be  calibrated  to 
read  peak  voltage  on  the  upper 
edge  of  the  patch.  The  same  applies 


Just  ahead,  in  the  great  adventure  of  science, 
lie  many  discoveries  that  will  serve  mankind. 

Upon  such  discoveries,  Sperti,  Inc.  has  been 
built. 

For  Sperti  is  more  than  the  manufacturer  of  * 

SUN  LAMPS,  IRRADIATION  LAMPS,  FLUO¬ 
RESCENT  LIGHTING,  MEAT  TENDERIZERS  and 
the  much-publicized  BIO-DYNE  OINTMENT. 

It  is  more  than  the  maker  of  SPERTTS  ELEC¬ 
TRONIC  DEVICES  and  NAVIGATION  INSTRU¬ 
MENTS. 

Beyond  Sperti  there  are  laboratories  devoted 
to  pure  scientific  research,  staffed  by  scientists 
wholly  devoted  to  exploring  new  fields  of 
knowledge. 

Many  of  their  studies  yield  results  which  have 
immediate  practical  application. 

Sperti,  Inc.  exists  to  make  these  practical 
discoveries  available. 

Even  now,  though  almost  wholly  occupied 
with  war  work,  Sperti  may  have  an  advance¬ 
ment  applicable  to  your  business. 

And  just  ahead  may  lie  other  discoveries  of 
vital  importance  to  you. 

It  will  pay  you  to  consult  Sperti  now — as  you 
plan  your  postwar  products. 


MARS  CONTROL  PANEL 


Some  of  tho  indicating  instnunenti  and 
oporating  controls  of  tho  flight  enqi- 
noor's  panol  aboard  tho  mammoth  Nary 
flying  boot  MARS 
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Collaborating  closely  with  the  engineer¬ 
ing  staifs  of  manufactmers  engaged  in 
producing  for  America's  military  re¬ 
quirements,  this  organization  has  spe¬ 
cialized  in  the  redesign  of  products  and 
parts  to  assure  maximum  benefits 
through  the  vise  of  plastic  materials  and 
plastic  molding.  Our  engineering  expe¬ 
rience  and  molding  facilities  will  be 


available  to  serve  post-war  industry  in 
similar  degree;  assisting  in  product  bet¬ 
terment,  in  reducing  assembly  time,  in 
lowering  cost  of  manufacture  ...  in  the 
most  practical  application  of  plastics  to 
products  old  or  new.  The  molded  plastic 
assemblies  described  below  illustrate 
some  of  our  precision  molding  and  as¬ 
sembly  services. 


THE  SYMBOL  OF 
ENGINEERING  EXPERIENCE 
AND  MOLDING  SKILL 


EXENPUFTING  FUNCTIONAL  DESIGN  IN  PLASTICS 


properties.  Permanent  alignment  is  assured  through  one-piece 
construction,  with  consequent  elimination  of  assembly  and  serv¬ 
ice  problems.  Our  molded  finish  is  more  moisture-resistant  than 
a  machined  surface  with  consequent  reduction  in  power  loss. 

MOLDED  CONNECTOR  PANEL  ASSEMBLIES 
As  suppliers  of  molded  plastic  parts  to 
the  aircraft  industry,  one  of  our  services 
is  the  manufacture  of  connector  panels, 

r  molded  and  assembled  complete  with 

hardware.  These  are  delivered  cut  to  de¬ 
sired  lengths  and  ready  for  use.  Assem- 
bly  time  is  saved.  Loss  from  scrap  is 
BJB  avoided.  The  assemblies  are  available  in 

Ict  2  types:  NAS  17  and  NAS  18. 


MOLDED  PLASTIC  ROTORS  above  are  made  in  one-piece  with 
22  rings  and  3  rings  respectively.  Bi-metal  rings  are  precisely 
spaced  and  transfer-molded  in  a  material  selected  by  our  re¬ 
search  engineers  to  provide  balanced  physical  and  electrical 

CONTROL  PULLEYS  .  .  .  molded  complete  -  a 

with  ball-bearings  to  eliminate  the  need  M 

for  metal  bushings.  This  avoids  variations 

that  may  occur  when  bearings  must  be 

fitted  to  bushings  and  saves  assembly 

time.  Mold  finish  of  groove  is  smoother 

and  harder  than  machined  surfaces,  which 

serves  to  prolong  cable  life.  Pulleys  are 

molded  from  a  phenolic  compound, 

reinforced  by  macerated  fabric  for  ^ 

greater  durability.  ^ 


DETROIT  2 

S05.0S  NEW  CENTER  BL08. 


NEW  YORK  1 


LOS  ANGELES  35 

1440  SO.  ROBERTSON  BLVD. 


Write  for  tree  FOLDER  FILE,  containing  more  complete 
information  on  our  plastics  designing  and  molding  services. 


CANADA 


A  S  M.  ACCESSORIES  LTD. 
IS  MELINDA  ST.,  TORONTO 


INCORPORATED 

INJECTION  AND  TRANSFER  MOLDING 

- STAMFORD.  CONNECTICUT - 
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to  pure  a.c.  though  the  breakdo%vn 
voltage  of  the  tube  might  be  low  er 
for  the  inverse  phase. 

Although  it  is  not  possible  to 
calibrate  a  tube  with  a  permanent 
magnet  without  reference  to  an 
independent  meter,  a  tube  as  de¬ 
scribed  may  also  be  used  for  estab¬ 
lishing  a  voltage  scale  with  refer¬ 
ence  to  a  known  voltage  of  a  few 
kilovolts,  if  the  steel  magnet  is  re¬ 
placed  by  a  coil  without  an  iron  core. 
An  unknown  voltage  V,  is  deter¬ 
mined  by  V,  —  ViL^/Iu  where  F 
is  a  known  voltage  and  /,  and  /,  are 
the  currents  passing  through  the 
coil  for  the  same  position  of  the 
pointer.  Here  again  the  earth’s  field 
must  be  taken  into  account  and  com¬ 
pensated. 
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The  problem  of  the  personal  equation  is  no 
longer  a  problem  in  the  shops  where  we  pro¬ 
duce  PAN-EL  Control  Crystals.  They  are  made 
largely  by  mechanical  methods.  So  .they  are  precise, 
uniform,  and  clean. 


More  than  that,  they  are  produced  in  volume  so 
we  can  assure  you  of  any  required  quantity,  on  any 
required  delivery  schedule  .  .  .  and  at  a  price  that 
will  fit  your  Sales  DepartmenCs  ideas  about  post-War 
competitive  radio  price  levels. 


Converting  Coordinates  With 
A  Mannheim  Rule 

By  Richard  W.  Crane 

The  conversion  of  rectangular  to 
polar  coordinates,  and  from  polar 
back  to  rectangular  a  number  of 
times,  is  often  a  tedious  process. 
The  use  of  a  loglog  vector  slide 
rule  greatly  eases  this  task.  How¬ 
ever,  it  is  not  generally  known  that 
these  conversions  can  also  be  rap¬ 
idly  and  fairly  accurately  accom¬ 
plished  with  the  use  of  a  few  short 
cuts  and  a  maximum  of  two  set¬ 
tings  on  a  Mannheim  slide  rule. 

The  methods  for  converting 
R  —  jX  to  Z/.B  are  as  follows: 

Procedure  1.  Where  one  compo¬ 
nent  is  10  or  more  times  the  other: 
assume  Z  =  larger  component  (max¬ 
imum  error  5  parts  per  1,000). 

To  find  the  phase  angle,  place  the 
right-hand  index  of  the  “S”  scale 
under  the  value  of  the  larger  com¬ 
ponent  on  the  right  side  of  the  “A” 
scale  and  place  the  glass  indicator 
over  the  value  of  the  smaller  com¬ 
ponent  on  the  left  side  of  “A”  scale. 
Read  the  phase  angle  on  the  “S” 
scale.  If  the  reactance  value  is 
greater  than  that  of  the  resistance, 


With  complete  confidence,  you  can  engineer  your 
circuits  around  PAN-EL  crystals,  and  offer  the  Sales 
and  Advertising  staff  a  post-War  radio  that  is  ^^Crystal 
Clear  and  Crystal  Sharp.’’ 

The  PAN-EL  engineering  staff  is  always  ready  to 
roll  up  its  sleeves  and  help  you,  without  any  obliga¬ 
tion.  Will  you  let  them?  , 


PAN-ELECTRONICS  LABORATORIES,  INC 


500  SPRING  STREET,  N.W, 


ATLANTA,  GA 


QUANTITY  PRODUCERS  OF  STANDARD  AND  SPECIAL 
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MODEL  J31A 

(for  high  embl«fil  t«mp«rah»r«$) 

400  Cycles,  115  Volts. 
1/100  H.P.  Weight  15 
oz.  Diameter  1*^6*’* 
Length  2^". 


■■■Ill 
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MODEL  J31B 

400  to  1200  Cycles 
variable  frequency  115 
Volts.  15  oz.  Diameter 
VKe".  Length 


MODELS  J36 
AND  J36A 

Voltage  Generator, 
Weight  20  oz.  Length 
3'*'.  Diameter  2  Out¬ 
put  voltage  is  linear 
with  speed  to  within 
±1%  and  voltages  are 
equal  with  ±1%  of 
rotation. 

J36-From  Zaro  !•  SOOO  R.P.M. 
J36A— wneOT  200  R.P.M. 


IIKiialiBB 


MODEL  J61 

28  Volts  D.C.  Torque 
unit.  Developes  5  oz.  in. 
throughout  90®  swing. 
Diameter  l^'^.  Length 

2*K6". 
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MODEL  J31 

(for  gonorol  oppikoliofn) 

400  Cycles,  115  Volts, 
1  /50  H.P.  Weight  15  oz. 
Diameter  Length 

2%\ 
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MODELS  J49 


AND  J49A 


115  Volts,  1/250  H.P. 


Weight  16  oz.  Diameter 
1^".  Length  21^6 


J49— 60  Cyck* 
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RELAYS  ARE 

^^^^•ordinary/ 


the  phase  angle  will  be  =b(90° 
reading).  This  operation  is  based 
on  the  fact  that,  for  very  small  an¬ 
gles,  the  sine  is  almost  equal  to 
the  tangent,  approaching  it  in  value 
as  the  angle  approaches  zero. 

Procedure  2.  Where  one  compo¬ 
nent  is  less  than  10  times  the  other. 

Place  right  hand  index  of  the 
“T”  scale  over  the  value  of  the 
larger  component  on  the  “D”  scale. 
Place  the  glass  indicator  over  the 
value  of  the  smaller  component  on 
the  “D”  scale  and  read  the  phase 
angle  on  the  “T”  scale. 

Set  this  angle  on  the  scale 
under  the  value  of  the  smaller  com¬ 
ponent  on  either  end  of  the  “A” 
scale.  The  right  hand  index  of  the 
“S”  scale  will  give  the  value  of  the 
impedance. 

As  in  Procedure  1,  if  the  reactive 
component  is  the  larger  the  actual 
phase  angle  will  be  :t:(90®  —  read¬ 
ing). 

This  method  is  an  exact  opera¬ 
tion  and  the  precision  of  the  re¬ 
sults  will  depend  solely  on  the  slide 
rule  used. 

Example — Convert  180  +  y2600 
to  polar  coordinates. 

Solution.  Procedure  1  applies 
here,  therefore  Z  =  2500  ohms.  By 
placing  the  right  hand  index  of  the 
“S”  scale  under  2500  on  the  right 
end  of  the  “A”  scale  and  the  glass 
indicator  over  130  on  the  left  side 
of  the  “A”  scale,  we  read  2®  By. 
By  inspection  it  is  seen  that  the 
impedance  is  predominantly  induc¬ 
tive,  therefore  the  phase  angle 
equals  90®  -  2®  59'  or  87®  1'. 

Answer.  2500  L  87®  1'.  (Actual 
value  2508.8  Z  87®  2'). 

Example — Convert  400  —  jZOO  to 
polar  coordinates. 

Solution.  Using  Procedure  2, 
place  the  right  hand  index  of  the 
“T”  scale  over  400  on  the  “D” 
scale,  put  glass  plate  over  300  on 
the  “D”  scale  and  the  angle  is  seen 
to  be  36®  50'.  Set  36®  50'  on  “S” 
scale  under  300  on  “A”  scale,  read 
500  above  the  right  hand  “S”  in¬ 
dex.  The  resistive  component  is 
larger  than  the  capacitive,  there¬ 
fore  the  above  angle  is  correct,  ex¬ 
cept  for  sign. 

Answer.  500  Z  —36®  50'. 

To  change  from  polar  coordi¬ 
nates  to  rectangular,  the  operations 
are  simply  reversed,  unless  the 
problem  comes  under  procedure  1, 
in  which  case  we  assume  only  one 
component  is  present. 


ANY  AN€ I JE 
LOOK  AT  IT-  A 


Here  are  some  angles  about  Cook  relays  that  are  of  interest  to  you. 

•  Carefully  designed  to  the  high  standards  of  Cook  engineers. 

•  Tooled  and  fabricated  completely  under  one  roof. 

•  Highest  grades  of  all  materials  are  used  in  all  parts  of  Cook 
relays. 

•  Precision  manufactured  with  modern  equipment  in  a  model 
plant. 

•  Assembled  and  tested  with  exacting  care  by  skilled  workers. 

•  Efficiency  with  capacity  to  produce  in  quantity. 

Consider  these  facts  when  planning  your  relay  requirements.  These 
angles  and  the  "plus  features"  included  in  Cook  relays,  truly  make 
ALL  Cook  relays  "extra-ordjnary." 
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IS  HIGH  FREQUENCY  HEATING  NEW? 
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High  frequency  heating  may  he  ^^omething  new^  to  manufac¬ 
turers  who  have  recently  entered  this  field.  But  we  have  heen 
pioneering  in  design  and  manufacture  of  high  frequency  heaters 
for  23  years. 

However,  because  so  many  users  are  new  users,  unfortunate 
ERRORS  are  being  made,  both  in  choice  of  equipment  and  in 
application.  Too  many  users  are  operating  costly,  power-wasting 
"misfit”  units  . . .  machines  NOT  designed  for  their  particular  needs. 

Our  equipment  is  the  result  of  23  years  of  specialized  knowl¬ 
edge  and  pioneering.  Our  machines  afford  advancements  which 
overcome  widely  prevalent  errors  in  design  and  construction. 
Compare  our  experience  with  that  of  others.  You  can  benefit  by 
what  it  has  taken  us  almost  a  quarter  of  a  century  to  learn. 

Don’t  buy  high  frequency  (induction  or  dielectric)  heating 
equipment  until  you  have  investigated  the  production  economies 
and  other  advantages  offered  by  our  wider  range  of  units  — 
designed  foj  YOUR  specific  applications. 

Write  for  details  today.  It  will  pay! 


4011^  3 
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— to  t 
DIVISION  OF  “S”  CORRl'CATED  QUENCHED  CAP  COMPANY 

/  119  Monroe  Street  Garfield,  New  Jersey 

and  BuilderN  of  Hi^h  Frequency  Converters  Since  1 
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Fcxjte,  Pierson  Instruments 


Were  Servint.  The  Nation 


'mm 


linded  tki  laid...uitid  ue  world 


®  HIS  FAMOUS  WATERWAY  ojxTicd  a  slioFt  aiid  Safe 
navigation  route  from  the  Atlantic  to  the  Pacific 
—and  led  the  way  to  the  development  of  inter¬ 
national  commerce. 

Long  before  the  C'.anal  was  completed,  Foote, 
Pierson  telegraph  and  signaling  apparatus  was  in 
use  by  the  Panama  Railroad— the  railway  which 
had  a  vital  role  in  the  construction  of  the  Canal. 

For  nearly  a  half  century,  Foote,  Pierson  &:  Co., 
have  specialized  in  the  manufacture  of  communi¬ 
cations  efpiipment  and  precision  instruments. 


Foote,  Pierson  repealer  telegraph  set  as 
supplied  to  the  Panama  Railroad 


1  o  this  may  be  attributed  the  careful  craftsman¬ 
ship  and  attention  to  minute  detail  which  has 
distinguished  our  mass  production  during  the 
jnesent  period. 

This  background  of  knowledge  and  experience 
(an  be  applied,  in  cooperation  with  your  Product 
Fimineers,  to  the  design  and  manufacture  of  your 
|M)st-war  products. 

Don’t  wait  for  \'-dav,  write  to  us  now! 


75  Hudson  Street 


J^iewark  4,  H  I- 
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General  Offices:  PERU,  inoionn 

Cable  Assembly  Division:  ROCHESTER,  IflDIRnfl 


Electron  Gun  for  X-Ray  Tube 


The  use  of  an  electron  gun  as  a 
source  of  cathode-rays  to  minimize 
contamination  of  the  target  by  ma¬ 
terial  evaporated  from  the  filament, 
along  with  the  effect  of  the  space 
charge  in  limiting  the  target  cur¬ 
rent  at  low  voltages,  are  described 
by  J.  J.  G.  McCue  in  the  Nov.  1943 
issue  of  Review  of  Scientific  In¬ 
struments.  The  arrangement  also 
offers  the  additional  advantage  of 
adjustable  focal-spot  size. 

A  successful  tube  has  been  con¬ 
structed,  using  a  cylindrical  stain¬ 
less  steel  shell  5  in.  long,  4  in.  in 
outside  diameter,  and  i  in.  thick. 
The  target  insulator  is  an  8-inch 
length  of  standard  Pyrex  flanged 
pipe^  li  in.  inside  diameter, 
mounted  on  one  end  of,  and  coaxial 
with  the  stainless  steel  body.  The 
other  end  of  the  tube  bears  a 
sylphon  bellows  with  a  flange 
soldered  on  each  end.  One  flange 
serves  to  connect  the  bellows  to  the 
tube  body,  through  a  fuse  wire 
gasket.  The  electron  gun  is 
mounted  on  a  stainless  steel  plate 
screwed  to  the  other  flange,  the 
seal  being  made  with  a  rubber 
gasket. 

Three  threaded  rods,  parallel  to 
the  axis  of  the  bellows  and  120 
deg  apart  around  the  circle,  carrj' 
knurled  nuts  which  bear  on  either 
side  of  the  flange  holding  the  gun. 
By  adjusting  the  nuts,  the  bellows 
moves  the  electron  gun  toward  or 
away  from  the  target,  or  moves 
the  focal  spot  about  on  the  target. 

A  brass  water-jacket  is  shrunk 
onto  the  tube  body  to  cool  it.  A 
port  on  top  of  the  tube  permits 
visual  observation  of  its  interior. 


Construction  of  Gun 


The  electron  gun  assembly  is 
shown  in  the  illustration  and  con¬ 
sists  of  a  filament,  a  cylindrical 
heat  shield,  and  three  focusing 


Arrongemeat  ol  th«  •l*ctro<lM  fonning 
the  elactron  gun.  The  illoment,  not  com¬ 
pleted  lor  clarity  in  the  iUuetrotion, 
coniUte  of  a  single  circular  loop  of 
oxide-coated  nickel  strip 
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IMI  IlTC  Hi  E  L  L -  RA  N  D 

Headquarters  for  VARNISHED  TUBINGS 


STANDABD  GRADE, . . 

Maximum  Flexibility  —  High  Temperature  — 
recommended  where  Dielectric  is  NOT  a 
Factor. 


DOUBLE  SATURATED,,, 

Flexible  —  High  Temperature  —  Dielectric  to 
1500  Volts. 

TRIPLE  STRENGTH, , , 

Flexible  --  High  Temperature  —  Dielectric  to 
3000  Volts  —  Withstands  Rough  Handling. 


Optimum  in  Superiority  —  Flexible  —  Resists 
High  Temperatures,  Oils.  Acids,  Dielectric  to 
8.000  Volts  —  Unequalled  for  Long  Life  under 
Most  Severe  Conditions. 

MIRAC  and  HYGRADE , , , 

Long  Staple  Fibre  Yam  Varnished  Tubings 
ore  comparable  in  many  ways  to  Fiberglas 
. . .  Dielectric  —  Tensile  Strength  —  Flexibility 
and  Long  Life. 


FREE  FOR  THE  ASKING 


Write  today  tor  yo\ir  Free  Card  of  Vamiehed 
Tubing  with  samples  ranging  from  size  0  to  20  to 
fit  wires  from  .032  to  .325  inches  . .  .  other  valuable 
aids,  are  the  M-R  Guide  Book  of  Electrical  Insula¬ 
tion  . . .  the  Wall  Chart  with  reference  tables,  elec¬ 
trical  symbols,  allowable  capacities  of  conductors, 
dielectric  averages,  thicknesses  of  insulating  mote- 
rials  and  top  d^  sizes . . .  and  the  M-R  Wax  and 
Compound  Guide  Book . . .  they  are  full  of  valu<ible 
information  . . .  write  for  them  on  your  letterhead. 


WRITE  FOR  THEM  TODAY 
ON  YOUR  COMPANY  LETTERHEAD! 


fsr.  W89 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandi  7-9264  NEW  YORK  7,  N.  Y. 


Nicrqias  Vornishvd  Tope  and  Cloth, 
Mtwlatinq  Popars  and  Twines 
Cship  Filtinq  and  Pothead  Compounds 
Ifektion  Tope  and  Splice 
B^nsformer  Compounds 


PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberqias  Braided  Sleevinq 
Cotton  Tapes,  Webbinqs  and  Sleevinqs 
Impreqnated  Varnish  Tubinq 
Insulotinq  Varnishes  ot  oil  types 


Fiberqias  Saturoted  Sleevinq  and  Varnished  Tubinq 

Asbestos  Sleevinq  and  Tope 

Eitruded  Plastic  Tubinq 

Varnished  Cambric  Cloth  and  Tope 

Mico  Plote.  Tope,  Paper,  Cloth  and  Tubinq 
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plates.  Each  rod  is  sealed  to  a  glass 
tube  passing  through  a  hole  in  the 
steel  plate  which  supports  the  gun, 
the  seal  being  made  with  a  gasket 
cut  from  small  rubber  tubing.  Each 
of  three  of  the  tubes  contains  a 
0.02  in.  tungsten  wire,  one  end  of 
which  emerges  through  the  wall 
of  the  tube,  near  the  butt  joint  to 
the  glass  rod;  this  wire  acts  as  a 
lead  for  one  of  the  focusing  plates. 
The  heat  shield  is  grounded  to  the 
steel  supporting  plate  by  a  nickel 
lead. 

The  first  guns  were  unsatisfac¬ 
tory  because  the  glass  around  the 
tungsten  wires  holding  the  focus¬ 
ing  plates  decomposed  and  became 
conducting  under  the  influence  of 
heat  from  the  filament  and  the 
potentials  applied  to  the  focusing 
plates.  This  difficulty  almost  van¬ 
ished  when  the  tungsten  wires 
sealed  into  the  glass  rods  were  cut 
off  as  close  as  possible  to  the  rods 
and  their  ends  covered  with  small 
blobs  of  glass  spotted  onto  the  rods. 

One  wire  from  each  plate  was 
left  long  and  connected  to  one  of 
the  tungsten  leads  sealed  into  the 
supporting  tubes.  After  prolonged 
use  the  gun  would  exhibit  some 
leakage  between  the  electrodes;  it 
could  be  repaired  by  simply  heating 
the  glass  rods  in  the  neighborhood 
of  the  plates. 

Plates 

The  heat  shield,  a  cylinder  of 
0.01  in.  stainless  steel,  is  1  in.  long 
and  0.75  in.  in  diameter.  The  focus¬ 
ing  plates  are  1  in.  in  diameter, 
cut  from  0.01  in.  stainless  steel 
sheet  and  made  flat  by  pressing 
them  between  two  steel  blocks  in  a 
hydraulic  press.  For  reference 
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Model  SS-F.  FuU-cyd*  iBcromont,  shown  bKhesUng  tre- 
quoncr  ol  60  erdss.  Blsck  dial  for  spscUl  war  application. 
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ACCURACY 


Half-cycl*  inernment  ±0.2%:  full-cydo  incremnnt  ±0.3%.  This 
accuracy  is  not  affected  by  normal  temperature  change,  ware  form 
or  external  magnetic  fieids. 

Made  in  several  sizes,  most  popular  of  which  is  the  standard  3V*" 
panel  mounting  model.  Also  made  to  meet  C39.2-1943  ASA  speci- 
iications  for  mounting  and  stud  size  of  Electrical  Indicating  Instru¬ 
ments.  No  external  reactor. 

Model  31-F.  3  Vi  inch.  5  reeds,  weighs  only  0.54  lb;  Model  33>F. 
3  Vi  inch.  11  reeds,  0.59  lb.  Other  models  are  correspondingly  light. 

Will  operate  on  voltages  as  low  as  8  volts.  Standard  110-115  volt 
models  will  operate  satisfactorily  over  range  of  100  to  150  volts. 
Also  made  for  narrower  voltage  variation  if  desired.  (Incidentally, 
current  consumption  is  low.  For  Model  33-F,  for  example.  Vi  watt 
at  115V.) 

No  parts  to  wear  out  or  get  out  of  calibration.  All  are  securely 
anchored  to  the  base  with  lock  washers  at  every  critical  point. 
The  only  movement  is  at  the  free  end  of  the  spring  steel  reed. 
)-E-T  meters  on  portable  field  equipment  have  established  an  envi¬ 
able  performance  record. 

I-B-T  Vibrating  Reed  Frequency  Meters  are  . 

available  for  frequencies  from  15  cycles  to  400  t 

cycles  with  various  reed  groupmgs,  increments  T  I  p4%  I 
and  case  sizes.  For  additional  facts  on  the  com-  _ 
plete  line,  send  for  your  copy  of  Bulletin  VF-43.  JL 

(Manufactured  under  Triplett  Patents  and/or  Patents  Pending) 


COMPACTNESS 


VOLTAGE 

VARIATION 


RUGGEDNESS 
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WORLD  FAMOUS 
OSCILLOSCOPES  by 


Use  Capacitors  by 

INDUSTRIAL  CONDENSER 
CORP.- 


PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 

INDUSTRIAL 

CONDENSER 

CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO  22,  U.  S.  A. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR’S  STOCKS 


with  Plate  No.  1  at  500  volts  and 
No.  2  at  1100  volts  positive  with 
respect  to  the  grounded  filament 
With  No.  3  connected  to  No.  2  the 
cathode-rays  form  on  the  targ  t  a 
rather  well-defined  image  of  the 
filament,  so  that  the  focal  “spot" 
is  an  annulus  1  mm  wide  and  from 
3  to  5  mm  in  outside  diameter. 
Decreasing  the  potential  of  No.  3 
reduces  the  size  of  the  focal  ring; 
with  No.  3  grounded  the  diameter 
of  the  ring  is  2  or  3  mm.  These 
diameters  depend  to  some  extent 
on  the  target  potential.  The 
cathode-rays  cross  over  near  plate 
No.  1;  therefore,  the  aperture  in 
No.  2  could  probably  be  made  smal¬ 
ler  if  further  screening  of  the 
target  is  necessary. 

The  tube  operates  satisfactorily 
with  currents  as  high  as  100  ma 
to  the  target.  The  current  to  plate 
No.  1  varies  from  10  percent  to 
100  percent  of  the  current  to  the 
target,  depending  on  the  age  of 
the  filament  and  the  magnitude  of 
the  target  current  The  percent¬ 
age  of  the  emitted  electrons  col¬ 
lected  by  plate  No.  1  decreases 
with  increasing  filament  emission 
and  increases  with  age  of  the  fila¬ 
ment.  It  also  increases  slightly 
with  decreasing  target  voltage, 
especially  below  10  kilovolts.  This 
effect  could  be  considerably  re¬ 
duced,  if  it  were  objectionable,  by 
simply  increasing  the  distance  from 
the  gun  to  the  target.  The  current 
to  plates  No.  2  and  No.  3  is  of  the 
order  of  1  ma  to  both  plates. 

Operation 

Sincfe  it  was  necessary  to  reduce 
to  a  minimum  the  contamination 
of  the  target,  mercury  diffusion 
pumps  and  a  liquid-air  trap  were 
used  and  there  were  no  wax  joints 
in  the  .tube  other  than  a  single 
wax  seal  in  the  lead  between  the 
tube  and  the  pumps.  The  pressure 
as  measured  by  an  ionization  gauge 
was  about  1.2  x  10  *  mm  of  mercury 
when  the  tube  was  operating. 

At  first  the  tube  contained 
enough  foreign  matter  (presumably 
grease  or  oil)  to  contaminate  a 
copper  or  silver  target  very  badly 
in  an  hour  or  two.  The  target 
became  discolored  while  simply  sit¬ 
ting  in  the  vacuum,  even  when  the 
filament  was  cold.  This  difficulty 
was  overcome  by  passing  a  rather 
violent  discharge  between  the 
target  and  the  tube  body  with  the 
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nb«rglos  Tap«f  available  in  all  widths  and  thicknesses  from 
.003"  to  .015". 


Fiberglat  Braided  Sleovlngs. 


A  few  of  the  many  types  of  Fiberglas  fabricated  materials, 
including  Fiberglas  cloths,  tapes,  and  tubings;  Fil)erglas-inica 
combination  material  ami  FiWrglas  laminated  sheets. 


FIberglas  Tying  Cords  both  treated  and  untreated 


Fiberglas*  Electrical  Insulation  Now  Available! 


( Increased  Fiberglas  Production  permits  this  Announcement  to  be  Made ) 


Not  pictured  but  also  available  are:  Unprocessed 
yams,  varnished  tapes,  cloths,  sleevings,  and  saturated 
sleevings. 


Oxtens-Coming  Fiberglas  Corporation,  Toledo  1,  Ohio. 

Fiberglas  Canada,  Ltd.,  Oshawa,  Ontario.  ELECTRICAL  INSULATION 


Get  in  Touch  with  Your  Electrical  Distributor  Now!  .  .  .  Fiberglas  Materials 

are  in  stock  for  immediate  delivery! 


Eahi.  B.  Beach  Company 
Pittsburgh,  Pa. 

Elbctrical  Specialty  Company 
Seattle,  Washington 

General  Electric  Supply  Comp.any 
HiifTalo,  New  York 
Rochester,  New  York 

Gr.\ybar  Electric  Co.mp.\ny,  Inc. 
Philadelphia.  Pa. 

Richmond,  Va. 

White  Supply  Company 
‘'t.  I^Ajuis,  Mo. 


Insulation  and  Wires,  Inc. 

Atlanta,  Ga. 

Cambridge,  Mass. 

Detroit.  Mich. 

St.  Ix)ui.s,  Mo. 

Insulation  Manuf.actitrers  Corp. 
Chicugo,  Illinois 
Cleveland.  Ohio 
Minneapolis,  Minn. 

Leo  J.  Meyberg  Company 

Ix)s  .\ngeles,  California 
San  Franci.sco,  ('alifornia 


Mica  Insui.ator  Company 
Chicago,  Illinois 
Cleveland,  Ohio 
New  \ork,  N.  Y’. 

Mitch ell-R AND  Insulation  Company 
New  York,  N.  Y’. 

National  Electric.al  Coil  Comp.vxy 

('oluinhus.  Ohio 
Blueheld,  West  Virginia 

Prehler  Electrical  Insulation 
Company 

Chicago,  Illinois 
Cleveland,  Ohio 
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AIRCRAFT-  RADIO 


HATHAWAY  OSCILLOGRAPH 
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Available  Soon — Order  Now 

The  ideal  instrument  for  portable 
use,  such  as  geophysical  work,  field 
testing,  and  aviation  flight  testing. 

Ten  channels:  Galvanometers  avail¬ 
able  covering  wide  range  of  char¬ 
acteristics:  Daylight  loading  of  6- 


inch  paper  or  film:  Recording 
speeds  quickly  adjustable:  Auto¬ 
matic  record  length  control:  Au¬ 
tomatic  record  numbering:  Simul¬ 
taneous  viewing  and  recording: 
All  controls  convenient  on  top 
panel.  Early  delivery.  Hathaway 
Instrument  Co.,  Denver,  Colorado. 


Write  for  Bulletin  and  Prices 


INSTRUMENTS 


A  highly  sal^ctiT*  racaivar  ond  tav- 
arol  intarchongaabla  tranomittara  in  o 
multipla  rack  form  tha  Wastarn  Elactiic 
command  Ml  usad  in  both  Army  and 
Novy  plonaa 
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tube  full  of  oxygen  at  a  pressure 
of  a  few  hundredths  of  a  milH. 
meter,  and  then  using  hydrogen  in 
place  of  oxygen.  The  gas  was 
flushed  out  and  renewed  ever\’  five 
minutes;  about  six  changes  of 
oxygen  and  three  of  hydrogen 
proved  effective. 

•  •  • 
Feedback 
Amplifier 

{Continued  from  page  131) 

the  factor  1/(1— A,j8)  when  nega¬ 
tive  feedback  is  applied.  A,  is 
always  less  than  p  in  the  practical 
case. 

'  If  the  load  resistance  is  con¬ 
nected  to  the  vacuum  tube,  as  in¬ 
dicated  by  the  dotted  lines  of  Fig. 
8,  the  current  I  then  becomes 
,  E  .  B-  M0  E. 


and  the  output-impedance  level  Z\ 
of  the  amplifier  and  load  circuit 
with  feedback  is 
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DOW  ANNOUNCES 

another  important  price  reduction 


In  a  move  of  far-reaching  significance  to  the  entire  plastic  industry,  Dow  announces  a  reduction  in  the 
base  price  of  Styron  (Dow  Polystyrene)— from  30  to  27  cents  per  pound.  The  new  low  price,  at  which  you 
may  now  obtain  this  strategic  plastic  from  its  source,  is  made  possible  by  improved  and  vastly  increased 
production. 

Current  rubber  needs  for  styrene— chemical  antecedent  of  polystyrene— are,  of  course,  of  major  importance 
today.  But,  Dow's  ability  to  lower  the  price  of  polystyrene  places  this  plastic  in  a  price  range  favorable 
to  greatly  extended  uses  for  which  this  outstanding  thermoplastic  material  has  proved  peculiarly 
adaptable.  It  will  undoubtedly  affect  the  design  and  manufacture  of  literally  thousands  of  products 
now  and  when  Peace  returns. 

Complete  Styron  price  lists  are  available  on  request. 


N«w  York  •  to(»on  •  PtiHodolpMo  •  WoaMnflton  •  Oovoland  •  Dotroit  •  Oiicaflo  •  St.  louit  •  Houston  •  Son  Fronchco  •  lot  Angolos  •  Sooftlo 


for  fobricoters  prodvcing  moMings,  extrusions,  rod,  shoot. 

Si 

for  fobricotors  producing  moldings,  extrusions,  coolings;  ovoHoblo  (dso  os  Miocol  Shooting. 

.  o 

for  fobiicaters  producing  moldings,  extrusions,  pipe,  tubing,  shoot;  owaikibls  also  os  Soron  Film. 

NfrO*  for  How  Dow  SooMt  *(0  fratlkaf%ppnadi  to  Ffclfci.** 


DOW  STYtON 
PLASnCS  ethocb. 
INCLUDE  SARAN . 


(DOW  POLYSTYRENE) 


NEWS  OF  THE  INDUSTRY 


missioner  on  February  15  and  at¬ 
tended  his  first  Commission  meet¬ 
ing  in  that  capacity  the  following 
day.  With  his  assumption  of  duties, 
the  FCC  has,  for  the  first  time  in 
nearly  eight  months,  its  full  com¬ 
plement  of  seven  members. 

Commissioner  Jett  will  continue 
in  his  capacity  as  chairman  of  the 
Coordinating  Committee  of  the 
Board  of  War  Communications  and 
cific  approval  of  the  Service  con-  will  also  work  closely  with  the  in- 
cerned  must  be  obtained.  Publica-  terdepartmental  communications 
tion  of  the  list  is  in  no  way  in-  post-war  planning  committee  of  the 
tended  to  hamper  or  restrict  devel-  State  Department.  His  post  as  chief 
opment  work  in  the  industry.  engineer  has  been  filled  by  the  ap- 

The  list  now  contains  70  types  of  pointment  of  George  P.  Adair,  for- 
receiving  tubes,  51  transmitting  mer  assistant  chief  engineer  in 
types  and  16  miscellaneous  types,  charge  of  broadcasting,  who  will 
In  the  latter  group  are  now  included  also  replace  Commissioner  Jett  as 
clipper,  gas  switching  and  crystal  observer  on  the  Radio  Technical 
types.  Planning  Board. 


New  FCC  setup;  television  network 
in  1946;  standards  for  electronic 
heating;  Panel  13  activity;  British 
television  plan.  Navy  technical  train¬ 
ing;  RMA  standardization  machinerv 


New  Army-Navy  Preferred 
List  of  Electronic  Tubes 

A  NEW  LIST  of  unclassified  pre¬ 
ferred  general-purpose  tubes,  se¬ 
lected  jointly  by  the  Signal  Corps 
and  the  Bureau  of  Ships,  has  been 
issued  as  of  February  15,  1944,  and 
supersedes  the  similar  list  dated 
March  1,  1943.  All  unclassified 
tubes  to  be  used  in  all  future  de¬ 
signs  of  new  equipments  under  the 
jurisdiction  of  the  Signal  Corps 
Laboratories  or  the  Radio  Division 
of  the  Bureau  of  Ships  must  be 
chosen  from  this  list. 

If  tubes  other  than  those  in¬ 
cluded  in  the  list  are  to  be  used  in 
the  design  of  new  equipment,  spe- 


New  FCC  Setup 

Ewell  K.  Jett,  chief  engineer  of 
FCC  since  January,  1938,  and  as¬ 
sistant  chief  engineer  since  1929, 
took  his  oath  of  office  as  FCC  Com¬ 


cast  Division,  and  Marion  H. 
Woodward,  assistant  chief  of  the 
International  Division,  has  become 
chief  of  that  Division. 


ARMY-NAVY  PREFERRED  LIST  OF  RADIO  ELECTRON  TUBES 


•Where  direct  interchangeability  is  assured  “QT’’  and  “L”  counterparts  of  the  preferred  metal  tubes  may  be  used, 
Miniature  tubes  (shown  in  Italics)  shall  be  used  only  when  essential  to  Service  requirements. 
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RECEIVING  TYPES 

niaiiMnt 

Diode 

Twin 

Pentodes 

Power 

Voltage 

Diodee 

Triodee 

Triodes 

Triodee 

Remote 

Sharp 

Converters 

Output 

Indicators 

Rectifiers  i  i  Miscellaneous 

14 

IA3 

1LH4 

1LE3 

3A5 

IT4 

1L4 

1LC8 

3A4 

Oystals 

367/1291 

1LN5 

IRS 

3D6  1299 

ISS 

3S4 

IN218 

5.0 

5U4G  IN23 

6Y30T  IN27 

6  3 

SALS 

6A06 

2C22 

€JS 

6SG7* 

6AC7* 

6SA7* 

606G 

6E5 

6X50T/0  '' 

6H6* 

6M7» 

2C26 

6SK7* 

SAGS 

8L60A 

1005  i  Phototubes 

559 

6SR7* 

eC4 

6SL7GT 

9003 

6AG7* 

6N70T  G 

1 

soos 

6J4 

SAKS 

6VeGT/G 

1  918 

6J5* 

6SN7GT 

6SH7* 

6Y6G 

'  927 

7E8/1201 

6SJ7* 

9002 

7W7 

9001 

Voltage 

12.6 

12H6* 

12S07* 

12J5GT 

12SL7GT 

12SG7* 

12SH7* 

12SA7* 

12A6* 

1629 

12SR7* 

12SN7GT 

12SK7* 

12SJ7* 

OB3/VR-M) 

25L6GT/G 

991 

2SZ6GT  G  003, VR-150 

25  and  above 

2807 

TRANSMITTING  TYPES 

MISCELLANEOUS  TYPES 

Rectifiers 

Twin 

— 

- - 

Clipper 

Gas  (Uthode 

Triodes 

Tetrodes 

Tetrodes 

Pentodes 

Vacuum 

Gas 

Grid  Control  | 

Tubeo 

Switching  Ray 

2C26 

801A 

5021 

3E29 

2E22 

2X2 

4825 

3C23 

II 

73 

1632/532A  2AP1 

2C44 

809 

7156 

815 

803 

3624 

83 

3C31/C16 

719A 

471A  88P1 

6C21 

811 

807 

8298 

837 

5R4GY 

866A/866 

C5e 

532  3DP1 

15E 

826 

813 

832A 

3718 

872A/872 

884 

1 

3FP7 

vnzfA 

833A 

814 

705A 

2050 

i 

5CP1 

8278 

838 

1625 

836 

1 

6CP7 

434A 

1626 

1616 

i 

5FP7 

446A 

8005 

8016 

5JP1 

.  527 

8014A 

8020 

78P7 

530 

8025 

120P7 

12GP7 

an 


mm. 
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It  wit  bom  of  war  l  .. 

^•^^tegic  purpote 

requimmenu  were  an  engbeering  efaaJ. 
It  had  to  be  strong  to  do  its  igary 
work.  Yet  it  bad  to  be  light  and  fit  io  the 
mall  space  available. 

Ibat  is  why  even  opdiniatt  doahced  mch  a 
device  could  be  built 

But  here  it  is:  Ibe  Lear  Acinator. 

Its  job  is  operating  flaps,  landing  gears,  shot* 
teis  and  <tfher  equipment  on  the  power  of  an 
airplane  storage  battery. 

I 

Now,  of  course,  our  planU  are  working  round 
the  clock  to  make  enough  of  these  for  the 
fi|rh»ing  ships  of  Uncle  Sam. 

But  we  know  that  such  unique  devices,  the 
midget  motors  that  drive  them  and  all  the  250 
Lear  products,  must  have  an  important  future 
in  some  peacetime  products. 

Thev  may  P«rfc  jonr  car  with  the  pu^  of  a 
-^o/^  «“y  tboa»»ndB  of  jobs  we 

haven*t  thought  of. 

W.waotlo  find  joU  for  Uis««> 

know  that  the  kind  of 
And  ^d  production  tech- 

engineering  .  ^  powihle  is  available. 
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Ckecking  Eleetronic  Autopilot 


Th«  tom  control  of  tho  onitopUot  Is  chscksd  against  sorro  motors  on  ths  tobls  bsiors 
the  instrument  Is  shipped  to  plane  plants  for  installation 


ages  that  are  amplified  by  electronic 
tubes  and  fed  to  servo  motors  that 
adjust  flying  controls  to  maintain  a 
fixed  flying  attitude. 

The  photos  show  steps  in  the 
manufacture  of  the  gyroscope  for 
the  electronic  system.  The  degree 
of  mechanical  tolerance  necessary 
in  construction  is  indicated  by  the 
fact  that  the  rotor  must  be  oiled 
with  only  one  drop  of  oil  from  a 
hypodermic  needle. 

The  plant  is  located  at  45**  N. 
Lat.,  so  the  test-table  is  tilted  to  the 
same  degree. 


Capable  of  making  over  300  flight 
corrections  per  minute,  the  Min- 
neapolis-Honeywell  autopilot  holds 
Army  bombers  on  the  correct  course 
during  high-altitude  bombing  runs. 
At  the  height  flown,  an  error  of  one 
mil  would  cause  the  bomb  to  miss 
the  target  by  360  feet  or  more. 

Heart  of  the  system  is  the  gyro¬ 
scope  that  maintains  an  upright  po¬ 
sition  at  all  times  during  the  course 
of  a  plane’s  flight.  Movement  of  the 
plane  changes  the  relative  position 
of  the  case  of  the  gyroscope  to  the 
spinning  gyro  and  produces  volt- 


Magn 


wartin 

tributi 


THE  37212  PLUG 


Dmigtwd  for  Application !  Compact, 
•osy  to  use.  Mode  in  block  and  red 
regular  bokelite  os  well  os  low  loss 
brown  mica  filled  bakelite  for  R.F.  uses. 
Small  circular  depression  on  top  for 
"color  coding”  or  polarity  indication. 
Designed  primarily  forCe  with  our  No. 
37222  captive  head  posts  and  No. 
37202  plates. 

(Standard  spacing) 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTOiY 

MALDEN 

MASSACHUSETTS 


A  ipedal  "tlll*iabl«"  is  ussd  to  hold  ths  spinning  gyroscops  so  that  the  instmment 
is  exactly  parallel  to  the  eorth's  oo^ 


ELECTRONICS 


EIECTR 


STWAR  RADIO  INDUSTRY 


WILL  FIND^  MaGNAVOX 


ON  THE  BEAM 


Magnavox  was  well  prepared  for  its  important 
wartime  role,  having  made  many  technical  con¬ 
tributions  to  the  radio  industry  during  thirty- 
three  years  of  pioneering. 

This  wartime  experience,  in  turn . . .  design¬ 
ing,  developing,  manufacturing  .  .  .  prepares 
Magnavox  to  contribute  even  more  in  the  peace¬ 
time  developments  to  come,  in  all  phases  of 
electronics.  Our  skills  and  the  excellent  facil¬ 
ities  of  the  new,  modern  six-aae  plant  will  be 
ready,  at  the  very  peak  of  their  efficiency.  The 
Magnavox  Company,  Fort  Wayne  4,  Indiana. 


RADIO  DIRECTION  FINDERS  help  bring  our  fliers  home  safely, 
and  locate  enemy  transmitters  in  the  air,  at  sea  or  on  land.  These 
are  among  the  many  scientific  instruments  of  war  made  by  The 
Magnavox  Gimpany  . . .  equipment  ranging  from  gun  firing 
solenoids  to  the  most  intricate  radio  communication  systems. 


HAS  SERVED  THE  RADIO  INDUSTRY 


FOR  33  YEARS 


LOUD  SPEAKERS  •  CAPACITORS 


COMMUNICATION  &  ELECTRONIC  EQUIPMENT 


SOLENOIDS 
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Thordarson’s  new  development,  Trans¬ 
former  terminals  in  glass,  finally  and 
completely  overcomes  the  dangers  of 
break-downs  caused  by  extreme  humidity 
and  mysterious  fungus  growths  which 
often  attack  electrical  equipment.  > 


The  Thordarson  principle  of  sealing  terminals  in 
glass  is  applicable,  not  only  to  small  transformers, 
but  for  large  power  and  filament  transformers,  and 
reactors  as  well. 


THORDAtSON  ElEGRIC  MEG.  CO. 


500  WfST  HU*ON  STtEET,  CHICAGO,  lU. 


ORIGINATORS  OF  TRU-FIDEUTY  AMPLIFIERS 


Standards  for  Induction  and 
Dielectric  Heating 

The  Electronics  Section  of  Na¬ 
tional  Electrical  Manufacturers 
Association  has  adopted  atandardi 
for  electronic  equipment  for  dlelee- 
trie  and  induction  heating. 

The  complete  text  of  the  new 
standards  follows: 

EL  5-5  Output  Rating* 

The  following  output  rating!  lot 
Electronic  Induction  or  Dielectrk 
Heating  Units  shall  be  considered  ai 
preferred: 

0.5  kw  20.0  kw 

1.0  kw  60.0  kw 

2.0  kw  100.0  kw 

6.0  kw  200.0  kw 

10.0  kw 

These  ratings  are  recommended 
until  there  is  need  for  intermediate 
sizes.  Suggested  Standard  for  FuUirt 
Design  1-18-AJi. 

EL  5-10  Ratings  Of  Tubes  And  Parti 

Electronic  tubes  and  other  compo¬ 
nent  parts  of  electronic  induction  or 
dielectric  heating  units  shall  be  used 
within  the  manufacturer’s  ratings. 
Recommended  Standard  1-18-JU. 

EL  6-16  Radio  Interference 

Electronic  induction  or  dielectric 
heating  apparatiu  shall  be  so  designed 
and  installed  as  to  minimize  radio 
interference.  Jtecommended  Standard 
1-18-U. 

EL  6-tO  Protection  Of  Personnel 

Electronic  induction  or  dielectric 
heating  apparatus  shall  include  pro¬ 
visions  for  protecting  the  operating 
personnel  against  dangerous  voltages. 
Recommended  Standard  1-18-66. 

EL  6-t5  Protective  Equipment. 

Installations  of  electronic  induction 
or  dielectric  heating  apparatus  should 
include  protective  equipment  such  as 
fuses,  relays  and/or  circuit  breakers, 
acting  to  disconnect  the  apparatus 
from  the  supply  line  in  case  of  failure 
or  flashover  of  internal  components 
Recommended  Standard  1-18-66. 

EL  50-5  Induction  Heating — Definition 

Induction  heating  is  the  heating  of 
a  nominally  conducting  material  dut 
to  its  own  PR  losses  when  the  mate¬ 
rial  is  placed  in  a  varying  electro¬ 
magnetic  field.  Adopted  Standard 
1-18-66. 

El  50-10  Dielectric  Heating — 
Definition 

Dielectric  heating  is  the  heating  of 
a  nominally  insulating  material  due 
to  its  own  dielectric  losses  when  the 
material  is  placed  in  a  vaiying 
trie  field.  Adopted  Standard  1-18-61- 

The  NEMA  has  also  issued  a 
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N  a  Zone  of  Electronic  Silence  known  as  the  Screen 
Room,  this  radio  engineer  measures  the  directional 
characteristics  of  a  Bendix*  Aircraft  Radio  Compass — 
completely  surrounded  by  double  walls  of  bronze  mesh, 
soldered  and  grounded  to  keep  out  all  electronic  inter¬ 
ference.  No  electronic  "bugs''  can  creep  in  to  disturb 
the  test  readings  during  these  meticulous  and  intricate 
adjustments  ...  for  on  their  accuracy  a  pilot’s  life  may 
one  day  depend. 

The  ideal  conditions  of  the  Screen  Room  represent 
but  one  of  several  thousand  tests  and  inspections  es¬ 
tablished  at  Bendix  Radio.  Bendix  Engineers  also  create 
extremes  of  substratospheric  cold  and  low  pressure, 
tropical  heat  and  humidity,  atmospheric  interference 
and  static  ...  as  well  as  combat  strain  and  landing 
shock  ...  so  that  radio  equipment  engineered  and 


manufactured  under  the  Bendix  name  will  more  than 
meet  the  rigors  of  war  service. 

Every  step  in  production  is  guarded  by  these  tests 
. . .  from  individual  components  and  sub-assemblies  to 
the  compact,  finished,  aircraft  radio  you  see  being  tested 
in  the  Zone  of  Electronic  Silence.  It  is  this  insistence 
upon  quality  and  precision  that  builds  dependable 
performance  into  the  equipment  Bendix  Radio  has 
pioneered  for  the  airlines  and  our  nation’s  armed  forces. 


VIAT10M  CORrOtATION. 


BENDIX  RADIO 
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manual  for  the  guidance  of  mem¬ 
bers  in  dealing  with  contract  ter¬ 
minations.  This  contains  a  check 
list  of  the  steps  which  all  prime  and 
sub-contractors  should  take  in  the 
preparation  and  conduct  of  con¬ 
tract  terminations.  The  check  list 
is  divided  into  the  following  six 
major  divisions:  preparation  of 
claims;  reviewing,  of  contractual 
relationships ;  establishment  of 
proper  internal  organization  for 
handling  terminations;  checking  of 
company  status  and  financial  pol¬ 
icies;  planning  production  control 
problems;  and  reviewing  of  con¬ 
tractual  relationships. 


Renegotiation  Refunds 

According  to  a  ruling  by  the 
Joint  Price  Adjustment  Board,  re¬ 
serves  for  renegotiation  refunds 
which  war  contractors  may  set  up 
and  show  in  their  statements  and 
annual  reports  are  not  to  be  re¬ 
garded  by  Government  renegotia¬ 
tion  officials  as  binding  on  con¬ 
tractors. 

“The  increasing  practice  of  pro¬ 
viding  such  a  reserve  is  to  be  en¬ 
couraged  as  a  matter  of  sound  ac¬ 
counting,’*  Joseph  M.  Dodge,  chair¬ 
man  of  the  Joint  Price  Adjustment 
Board,  stated. 

“The  amount  established  in  in¬ 
dividual  cases  will  vary  widely,  de¬ 
pending  upon  the  policy  of  the  par¬ 
ticular  contractor.  It  may  be  more 
or  less  than  is  actually  needed  when 
the  renegotiation  of  the  fiscal  year 
for  which  the  reserve  has  been  set 
up  is  concluded.  It  would  be  mani¬ 
festly  unjust  for  the  contractor  to 
be  bound  by  the  amount  of  any  re¬ 
serve  he  may  have  created  or  for 
the  existence  of  the  reserve  or  the 
amount  of  it  to  affect  the  renegotia¬ 
tion  procedings.  The  renegotiation 
ofiicials  are  instructed  that  such  re¬ 
serves  are  not  to  be  considered  di¬ 
rectly  or  indirectly  in  connection 
with  the  determination  of  any  price 
adjustment  to  be  refunded  to  the 
Government  under  the  terms  of  the 
renegotiation  statute.” 

The  six  Federal  renegotiation 
agencies  represented  by  the  Board 
are:  War,  Navy  and  Treasury  De¬ 
partments,  the  U.  S.  Maritime  Com¬ 
mission,  the  War  Shipping  Admin¬ 
istration,  and  the  Reconstruction 
Finance  Corporation. 


roR  THE  Army  and  Navy,  the  David  Bogen  Company 
is  intensifying  production  of  vital  intercommunication, 
detection  and  specialized  sound  distribution  equipment. 

• 

For  Bogen  distributors,  we’re  working  steadily  to  catch 
up  with  the  demand  for  Bogen  catalog  equipment.  It’s 
equipment  that's  doing  a  mighty  important  war  job,  too. 
Delivery  dates  are  being  kept  more  regularly.  What’s 
more,  they  are  going  to  be  better. 

We  illustrate  the  Bogen  Model  E75,  unquestionably  one  of 
the  finest  High  Power  Amplifiers  ever  manufactured  to 
commercial  specifications.  Under  wraps,  as  a  matter  of 
military  secrecy,  are  the  many  wartime  Bogen  develop¬ 
ments  in  sound  equipment.  These  developments  will  be 
released  after  Victory  for  incorporation  in  great  new 
Bogen  equipment  which  will  spell  profit  and  prestige 
to  our  distributors — and  a  better  life  for  a  world  at  peace. 
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America’s  great  fleet  of  airplanes  . . .  Army  . . . 
Navy  . . .  commercial . . .  private  ...  is  extensively 
equipped  with  color-coded  Micro  Switches.  Color- 
ceding  is  accomplished  by  the  use  of  Plaskon 
Molded  Color,  which  is  formed  into  the  switch- 
cover  plates  so  important  in  all  airplane  operating 
and  control  systems. 

Plaskon  was  chosen  for  the  production  of  Micro 
Switches  because  it  is  hard  and  tough,  holds  its 


shape,  and  molds  to  exact  dimensions.  It  permits 
precision  machining  to  1/1000  of  an  inch  limits, 
which  is  essential  because  of  the  extreme  accuracy 
with  which  Micro  Switches  must  operate.  Each 
permanent,  non-fading  Plaskon  color  indicates  a 
definite  aircraft  control  operation.  And  fully  as 
important,  is  the  fact  that  irrespective  of  weather 
conditions  these  parts  are  electrically  non-tracking 
and  arc  resistant. 


Ploikon  Urma-formaldmhyda 
Compound 

1.  Wide  range  of  lightfast  hues, 
from  translucent  natural  and 
pure  white  to  jet  black. 

2.  Smooth  surface,  eye-catching, 
warm  to  touch. 

3.  Completely  resistant  to  com- 
mon  organic  solvents,  imper¬ 
vious  to  oils  and  grease. 

4.  Possesses  extremely  hi^h 
flexural,  impact  and  tensile 
strength. 

8.  Highly  resistant  to  arcing  and 
trackif^  under  high  voltages 
and  high  frequencies. 


Plaskon  Orodo  2 
Compound 

t.  A  Plaskon  urea-formaldehyde 
of  good  quality,  lower  in 
price  than  regular  Plaskon, 
and  adaptable  to  economy 
production  requirements. 

2.  High  resistance  /o,  and  retains 
lustre,  surface  and  color  m, 
presence  of  water,  common 
organic  solvents,  soaps,  etc. 

3.  Identical  unusual  dielectric 
strength  and  freedom  from 
arcing  and  tracking  as  regu¬ 
lar  Plaskon. 

Furnished  in  one  shade  of 
black  and  brown  only. 


Plaskon  Malamina 
Compound 

1.  Assures  ample  protection 
where  water  or  high  humidity 
prevent  the  use  of  urea 
compounds. 

2.  Exceptional  resistance  to  acids 
and  alkalies.  Non-porous, 
non-corrodible. 

3.  Under  extreme  conditions  of 
heat  and  humidity,  is  non¬ 
tracking,  highly  resistant  to 
arcing,  and  has  high  dielectric 
strength. 

4.  Highest  heat  resisunce  of  all 
light-colored  plastics. 


Plaskon  Rosin 
Adkosivo 

1.  Materials  bonded  by  Plaskon 
Resin  Glue  cannot  be  sepa¬ 
rated  at  glue  line — the  mate¬ 
rial  fails  first. 

2.  Plaskon  glue  line  is  com¬ 
pletely  moisture-resistant, 
cannot  be  weakened  by  mold 
or  fungi. 

3.  Maintains  its  tenacious  grip 
in  heavy-duty  service  for 
years,  under  water,  on  land, 
in  the  air. 


PLASKON  DIVISION  •  iibbey*owens*foro  glass  company 

2136  SYLVAN  AVENUE  •  TOLEDO  6,  OHIO 


The  properties  and  characteristics  of  Plaskon 
in  molaed  form,  ana  the  proper  methods  of 
fabrication,  ore  discussed  in  detail  in  this 
valuable  Plaskon  handbook.  Its  contents  will  be 
of  interest  to  engineers  ond  fobricotors  alike. 
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Coast-to-Coast 
Television  by  1946 

Plans  for  the  completion  of  a 
coast-to-coast  television  network 
within  five  or  six  years  have  been 
announced  by  Niles  Trammell,  pres, 
ident  of  NBC,  in  releasing  a 
schedule  received  from  Keith  S. 
McHugh,  vice-president  of  AT  &  T, 
outlining  the  proposed  installation 
of  coaxial  cable  for  transmission  of 
television  signals  over  long  dis¬ 
tances. 

The  schedule,  contingent  on  thi 
war  and  other  considerations,  shows 
the  following  dates  for  installation 
of  the  portions  of  the  proposed 
cable  links : 

1945 —  New  York- Washington 

1946 —  New  York- Boston;  Washing. 
ton-Charlotte ;  Chicago-Terre  Haute- 
St.  Louis;  Los  Angeles-Phoenix 

1947 —  Chicago  -  Toledo  •  Cleveland* 
Buffalo;  part  of  the  southern  trans¬ 
continental  rou,te  including  Chariotte. 
Columbia  -  Atlanta  -  Birmingham  -Jack- 
son-Dallas-El  Paso-Tucson-Phoenix 

1948— *50 — Completion  of  southern 
transcontinental  route;  Washington- 
Pittsburgh-Cleveland;  St.  Lonis-Mem* 
phis-New  Orleans;  Kansas  City- 
Omaha;  Des  Moines-Minneapolis;  At- 
lanta-Jacksonville-Miami;  Los  An- 
geles-San  Francisco 

Two  coaxial  cables  are  now  in  op¬ 
eration.  One  links  New  York  and 
Philadelphia,  and  another  connects 
Minneapolis  and  Stevens  Point, 
Wise.  The  former  was  first  used 
for  television  broadcasts  from  the 
Republican  National  Convention  in 
1940,  and  the  latter  is  used  for  ex¬ 
perimental  programs. 

NBC  also  plans  to  construct  a 
television  station  in  Washington  to 
be  used  to  transmit  programs  to 
WNBT,  the  NBC  outlet  in  New 
York  City.  This  will  be  built  when 
materials  become  available  and 
when  the  AT  &  T  coaxial  transmis¬ 
sion  line  between  the  two  cities  is 
completed. 
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RTPB  Panel  13  Meeting 

Seventy-five  radio  engineers  and 
delegates  representing  police  and 
five  departments,  forestry  and  con¬ 
servation,  power  utilities,  transit 
utilities  and  railroads,  gathered  in 
a  two-day  meeting  in  Chicago  in 
January  to  discuss  full  organiza¬ 
tional  plans.  The  meeting  was  held 
in  response  to  a  nationwide  invita- 
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MMmmVi  HEAD  SCREW 
DOES  THE  AVIATION  INDUSTRY 


PHILLIPS* 


ITS  GOT  TO  BE  RIGHT  I  The  aviation  industry  knows 
its  engineering . . .  knows  the  answers  to  production 
efficiency.  That’s  why  most  of  the  leaders  in  this  indus¬ 
try  selected  the  PHILLIPS  Recessed  Head. 

You’ll  choose  the  Phillips  Recess,  too,  once  you  study 
its  exclusive  design.  You’ll  appreciate  the  scientific  en¬ 
gineering  that  makes  it  so  successful.  You’ll  discover 


that  every  angle,  every  dimension  has  a  purpose -is 
important  to  screw  driving  efficiency  and  screw  strength. 
You’ll  agree  there’s  nothing  like  it! 

To  end  the  screw  driving  troubles  that  slow  down  pro*' 
duction  and  shove  up  assembly  costs,  specify  screws 
with  the  Phillips  Recessed  Head.  You  can  get  them  in 
any  head  style,  type  or  size. 


TO  MAKE  WARTIME  QUOTAS  AND  PEACETIME  PROFITS 

FASna  STASTINO:  Driver  poiot  autonattcallr  centers  in  the  Phillips  Recess  . . .  fits  snugly.  Fum- 
bbag.  wobbly  starts,  slant  driving  are  eliminated.  Work  is  made  trouble-proof  for  green  bands. 

IMTR  DRIVINOt  Spiral  and  power  driving  are  made  practical.  Driver  won't  slip  from  recess  to 
poil  material  or  injure  svorlcer.  (Average  time  saving  is  90^.) 

lAUR  DRIVINO:  Turning  power  is  fully  utilized.  Workers  maintain  speed  without  tiring. 

UniR  tASTfNINOi  Screws  are  set-up  uniformly  tight,  without  burring  or  breaking  of  screw  beads. 
TW  job  is  stronger,  and  the  omamenul  recess  adds  to  appearance. 
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'*'000  SCRfVVS  MACHINl  SCRfWS  SEIF  TAPPING  SCREWS'  STQVE  BOLTS  ™ 


Aamnsaa  gsrsw  C*..  PraviRsas*.  R.  I. 

Tbs  RHsM  Ca.,  Watarbaty.  Caaa. 

Oaalral  ScrtK  Ca..  CMaasa.  tH. 

CkaaRlar  PraRasts  Cara..  ClavalaaR.  OM* 
Caattaaalal  Raraa  C*-.  Nan  RatfarR.  Mass. 
Tka  CarWa  Rsraa  Cam.  Raw  Rritala.  Caaa. 
Gsaaral  9mm  Mtf.  Ca.,  CMsaas.  lit 
Tka  N.  M.  Haraar  Ca..  Cbisata.  lit. 


YatamaHaasI  Straw  Ca.  DalraH.  Mitb. 

Tfca  Laanaa  4  Sastiass  Ca..  CtavalaaR.  Obi* 
MinarR  Rivat  aMl  Masbiat  0*..  HifMrR.  Caaa. 


PbasO  MaasRaalarlas  Ca..  CMaags.  IH. 

R*aRia«  SsyMP-OaM  Marrislatm.  INl- 

Rattan  RarRkaH  4  Ward  RattiL  Mate*.  Part OMStar, N. Y 


The  Naliaaal  Straw  A  Mtf.  C*..  CtavalasR,  Okie  Starili  MaMfaatarbif  Ca..  WaSarvtM*,  Csm. 


Naw  CaftaaR  Straw  Ca-.  Kaaaa.  N.  N. 
Tba  Cbaitas  Parker  Ca..  MariRaa.  Caaa. 
Parkar-  Kataa  Car*..  Naw  Yark.  N.  Y. 
PawtHtbat  Straw  Ca..  Pawtaafcai.  R.  {. 


Skakaaraaf  laa..  Cbkata.  IN. 

Tba  SauAMsiaa  HarRwara  M(*.  Ca..  RawlMafftaw.  Cma. 
WMtaay  Saraw  Car*.,  Naabaa.  N.  K. 
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Laminated 
Preeioiis  Metals 


jp^R  more  than  fifty  years  we  have 
specialized  in  sheet,  wire  and  tubing 
of  precious  metals,  laminated  on  base 
metals,  to  secure  the  chemical  and 
electrical  properties  of  the  one  with 
the  strength  and  resilience  of  the 
other.  Thus,  gold  on  phosphor  bronze 
for  tarnish  proof  and  fixed  qnuality 
bursting  discs;  silver  alloys  on  nickel- 
silver  or  brass  for  contact  parts,  col¬ 
lector  rings,  etc. 

We  supply  too,  all  precious  metals  in 
solid  form  and  non-ferrous  base  met¬ 
als  to  close  tolerances  and  manufacture 
them  into  sheet  down  to  .003"  thick 
and  in  widths  up  to  4";  wire  to  .009" 
diameter  and  tubing  from  .015"  to 
1 14''  outside  diameter  with  wall  thick¬ 
nesses  from  .004"  upward.  We  also 
make  fancy  and  special  shapes  and 
parts  from  them  to  your  specifications. 


tion  to  convene  that  was  issued 
jointly  by  D.  E.  Noble,  chairman  of 
the  Radio  Technical  Plannini 
Board’s  Panel  13  on  Portable,  Mo¬ 
bile  and  Emergency  Service  Com. 
munication,  and  Frank  W.  Walker, 
vice-chairman  of  the  Panel  and  al¬ 
ternate  representative  of  Interna¬ 
tional  Association  of  Chiefs  of  Po¬ 
lice. 

Chairman  Noble  set  the  keynote 
of  the  Panel’s  work  by  explaining 
the  need  for  viewing  the  frequency 
assignment,  allocations  and  engi- 
neering  problems  on  the  basis  of 
service  requirements  with  a  dis¬ 
tinct  realization  of  the  practicabil- 
ity  of  application  as  compared  to 
an  idealistic  engineering  approach. 
William  N.  Krebs,  chief  of  Safety 
and  Special  Services  Division  of 
FCC,  spoke  on  the  importance  of 
postwar  planning. 

The  Panel  adopted  a  workable 
plan  involving  a  Steering  Commit¬ 
tee,  composed  of  the  Chairmen  of 
eight  committees  assigned  to  spe¬ 
cial  tasks,  who  would  meet  with  the 
administrative  group ;  chairman, 
vice-chairman  and  secretary.  To 
complete  the  executive  officer  ap¬ 
pointments,  the  meeting  selected 
Ero  Erickson  of  APCO,  member  of 
the  Illinois  State  Police,  Chicago,  as 
permanent  Panel  13  secretary. 

Agreement  was  reached  on  the 
operation  of  the  Steering  Com¬ 
mittee  which  would  allow  each  com¬ 
mittee  chairman  to  become  an  ex- 
officio  member  of  the  Engineering 
Committee  in  order  to  assure  closest 
practicable  inter-locking  of  all  of 
the  related  engineering  problems. 
The  Engineering  Committee  would 
be  called  upon  to  supply  appropriate 
consultant  engineers  to  assist  other 
committees  not  completely  staffed 
with  technical  representatives. 

Robert  L.  Batts,  Chairman  of 
Committee  $1,  announced  that  due 
to  the  great  size  of  the  police  radio 
problem,  his  group 'would  be  fur¬ 
ther  divided  into  sub-committees 
working  on  municipal,  county,  state 
and  radiotelegraph  communication 
reports.  He  also  revealed  arrange¬ 
ments  would  be  completed  with 
lACP  to  distribute  a  comprehensive 
radio  survey  questionnaire  ad¬ 
dressed  to  all  Police  Chiefs,  Sheriffs 
and  State  Police  Superintendents, 
to  obtain  information  required  by 
the  Police  Radio  Communication 
Systems  Committee.  As  a  contrib¬ 
uting  sponsor  of  the  RTPB  which 
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A  Dramatic  Talking 
Motion  Picture,  in  Color 
.  .  .  FiUed  With  Ideas 
for  Production 
and  Design  Engineers 


office  equipment,  to  ponderous  shop  machines. 

This  film  is  packed  with  examples  of  tried  and  proven  ap¬ 
plications  of  Micro  Switches  which  will  stimulate  every 
engineer  to  new  conceptions  of  uses  for  compaa,  light¬ 
weight,  precise,  long-lived,  trouble-free,  elearical 
controls. 

"Uses  Unlimited”  is  available  to  industrial  groups, 
training  classes,  schools  and  colleges.  Size;  16  mm. 
Length:  thirty  minutes.  Write  us  for  details. 

Micro  Swiick  Coipoialioii,  Frooport,  lUiiioia  •  Branch—: 

43  Eaat  Ohio  Str— t,  Chicago  (1 1)  •  4900  Euclid  Avanua. 

ClaTaland  (3)  •  1 1  Park  Placa,  Naw  York  City  (7)  •  1709 
W.  8lh  St.,  L—  Angala*  (14)  •  ^1—  A  Engin— ring  CHtioaa: 

Boaton  •  Hartiord 

LEVS  ALL  BACK  THE  ATTACK 
BUY  EXTRA  WAR  BONDS 

Tka  tradamark  MICRO  SWITCH  li  aar  praparty  and  IdanMRai  twHchat  wiada  ky  Mkra  SwMch  Carparatian 

_  _  _  _  _  TtAOt  _ _ 

MICRO  (S£  SWITCH 

Made  Only  By  Micro  Switch  Corporation  .  .  .  Freeport,  Illinois,  U.  S.  A. 
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For  ten  years  Micro  Switch  has  been  a  leader  m  the 
development,  throughout  industry,  of  automatic  elec¬ 
trical  control.  The  war  program  drafted  Micro  Switches 
for  use  in  almost  every  type  of  fighting  and  radiation 
equipment  on  land,  on  sea,  and,  most  of  all,  in  the 
air.  It  put  them  into  produaion  lines  where  the  im¬ 
plements  of  war  are  being  built. 

Fast-moving  action,  interesting  color,  and  the  concise 
desaiption  of  "Uses  Unlimited”  convey  the  grip- 

ninirlv  romanrir  ^rnrw  rtf  hnw  Mirrn 


involves  a  supporting  axpendivun 
of  $1,000,  lACP  is  keenly  interested 
in  bringing  home  to  all  of  the  na* 
tion’s  police  departments  the  vita] 
importance  of  immediate  postwar 
planning  of  radio  communicatioo 
requirements. 


Magnetic  Wire  Recorder 
On  Bougainville 

Sergeant  Roy  Maypole,  combat 
radio  reporter,  recorded  interviews 
with  Marines  as  they  returned  from 
forward  assault  positions  on  Cape 
Torokina,  Bougainville.  He  used  a 
portable  magnetic  wire  recorder  of 
a  t3rpe  being  manufactured  by  Gen¬ 
eral  Electric  for  the  armed  forces, 
under  license  from  Armour  Re¬ 
search  Foundation  at  the  Illinois 
Institute  of  Technology.  The  men 
interviewed  were  in  the  initial  land¬ 
ing  at  Empress  Augusta  Bay. 


Use  ONE  Self-locking  PALNUT 


instead  of 

Two-piece  fastenings 


Bjr  asiita  a  Self*Locking  PALNUT  in  place  of 
a  regular  nut  and  lockwasher,  you  immediately 
cut  cost  of  fastenings  in  half— reduce  assembly 
time  50% — save  up  to  90%  in  weight  re- 
quire  less  space.  At  the  same  time,  PALNUTS 
keep  parts  tight  under  severe  vibration. 

Self-Locking  PALNUTS  are  single  thread, 
spring  tempered  steel  locknuts,  requiring  only 
S  screw  threads  space.  They  apply  with  an 
ordinary  wrench— or,  on  fost  moving  assembly 
lines,  with  Yankee  or  Power  Drivers.  'When 
tightened,  their  powerful  double  locking  ac¬ 
tion*  holds  parts  tight  under  vibration.  Avail¬ 
able  in  a  wide  range  of  t>'pes,  sixes,  finbhes 
aud  materials.  Send  details  of  assembly  for 
samples.  Write  for  Palnut  Blannal  No.  2  giv¬ 
ing  data  on  principle,  advantages,  application, 
types,  sizes,  etc. 


PALNUT 


A  8«lf>Ix>cklns  PALNCT  rsplAoed 
heavier,  more  expensive  Jam  nut 
and  lockwasher  on  this  volume 
eontrel.  savins  weight  and  cost. 


Ofilcial  U.  8.  Morins  Corps  Photo 


The  recording  was  flown  to 
Washington  and  made  available  to 
the  radio  networks.  Mutual  and 
Columbia  carried  portions  of  the 
recording  recently. 


*DOUtLI  LOCKING  ACTION 

When  the  PALNUT  is  wrench- 
tightsned.  Its  arched,  slotted  Jaws 
grip  the  bolt  like  a  chuck  (B-B), 
while  spring  tension  Is  exerted  up¬ 
ward  on  the  bolt  thread  and 
downward  on  the  part  (A-A),  se- 
enrelv  locking  both. 


Plan  for  Brilish 
Television  Network 

A  TELEVISION  NETWORK, 


covering 

85  percent  of  Britain’s  homes  and 
which  could  operate  nine  months 
after  the  war,  has  been  suggested 
and  put  before  the  Government 
Committee  on  Television. 

The  scheme  suggests  setting  up 
13  television  diffusion  stations,  each 
relaying  programs  from  a  BBC 
station,  to  which  they  would 


mam 

be  linked  either  by  radio  or  land 
line. 

According  to  the  London  New* 
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ONICS 


PLATtJ 


Z.’S"  „Lt|N' 


gating 


3  STEPS  TO  BROADER  FIELDS  OF  USEFULNESS 


Cloth  is  not  finished,  it  has  not  passed  its  last  frontier.  Coupled  with  the  sdence  of 
chemistry  and  the  magic  of  plastics,  cloth  is  definitely  in  the  material  picture  of  postwar 
planning.  Only  woven  cloth  affords  structural  and  tensile  strength  with  extreme  dura¬ 
bility  and  flexibility.  Cloth  drapes,  folds,  creases,  bonds,  reinforces,  protects,  decorates. 


FILLING 


UUKKCni  nULLIdlUN  rKUUUU  I  lUN  mdudes  COATED  AND  IMPREG¬ 
NATED  FABRICS  . . .  INSULATING  QOTH  BASE  . . .  SEPARATOR  aOTHS  rubber,  storch-filled, 
glazed.  TRACING  AND  BLUE  PRINT  CLOTHS  white  and  blue,  ink  or  pencil.  MAP  QOTH, 
PHOTO  CLOTH,  self-adhesive.  REINFORCWG  FABRICS.  SIGN,  UBa  AND  TAG  QOTHS, 
waterproof  to  take  any  ink,  meet  ony  inking  problem.  BOOK-BINDING  QOTHS.  SHADE 
QOTH,  impregnated  waterproof,  opaque,  translucent  or  light  proof. 

We  urge  you  to  consider  QOTH;  ond  invite  you  to  consult  with  us  concerning  possibilities  ond 
developments  for  your  specific  requirements. 


In  the  three  major  steps  of  specialized  doth  treat¬ 
ment,  Impregnating,  Filling,  ond  Coating  — 
filling  means  closing  the  interstices  between  the 
woven  strands  sealing  the  doth  and  making  it  o 
borrier  to  the  passoge  of  light,  air,  gases,  moist¬ 
ure,  etc  Filling  moy  or  may  not  change  the  ap¬ 
pearance  of  the  fabric  or  affect  Hs  natural  qualities. 
Its  variations  are  endless. 


pORPOSBS 


We  start  with  doth  ond,  through  knowledge  of 
processing,  plus  adequate  research  fadlities,  add 
»Pf*daf  properties  for  special  needs.  j. 


electronics 


Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependable  power 
supply.  Pincor  is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  piostwar  needs  in  power  plants, 
motors,  converters  and  battery 


DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  ....DC  MOTORS 
POWER  PLANTS...GEN-E-MOTORS 


BUY  WAR  BONDS! 


PIONEER  GEN-E-MOTO 

5841  W.  DICKENS  AVE. 
CHICAGO  3  9,  ILLINOIS 


CXPORT  ADDRESS:  35  WARREN  STREET,  NEW  YORK  7,  U.  S.  A.  •  CABLE  ADDRESS:  SIMONTRICE,  NEW  YORK 


Chronicle,  a  member  of  the  Televi¬ 
sion  Commercial  and  Developmv^nt 
Committee  said,  "We  aim  to  give 
employment  to  all  those  in  the  in¬ 
dustry  and  in  the  Services  who 
have  been  working  on  radio  and 
television  devices  during  the  war. 

“Developments  due  to  war  de¬ 
signs  have  shown  the  way  to  great 
improvements  in  technique.  Amer¬ 
ican  designs  are  not  ahead  of  oura. 

“An  improvement  in  circuit  de¬ 
sign  is  enabling  us  to  give  a  much 
livelier  picture  than  was  possible 
previously.  It  won’t  be  a  bigger 
picture.  It  is  now  possible  to  get  in 
a  small  room  practically  the  same 
impression  as  in  the  circle  at  a 
first-class  cinema.  There  is  no 
question  of  flicker  now. 

“The  range  will  be  the  same, 
about  35  miles,  but  with  rediffusion 
stations  it  will  be  possible  to  get 
first-clEiss  reception  practically  any¬ 
where  in  the  country.” 

A  member  of  the  trade  said: 
“The  price  we  aim  at  is  approxi¬ 
mately  £25  plus  a  further  £8  if 
ordinary  radio  reception  is  desired 
as  well.” 

Army  Patent  Agencies 

Establishment  of  an  Aircraft 
Signal  Patent  Agency  at  Wright 
Field,  Dayton,  Ohio,  and  a  Ground 
Signal  Patent  Agency  at  Camp 
Evans,  Belmar,  N.  J.,  has  been  an¬ 
nounced  by  the  Office  of  the  Chief 
Signal  Officer. 

The  Dajrton  organization  will  be 
responsible  for  preparation  of  pat¬ 
ent  applications  covering  inventions 
made  at  the  Signal  Corps  Aircraft 
Signal  Agency  laboratories,  while 
the  organization  at  Belmar  will 
have  similar  responsibility  for  in¬ 
ventions  at  the  Signal  Corps 
Ground  Signal  Agency  laboratories. 

Navy  Electronic  Training 
For  Volunteers 

Formerly,  only  youths  of  17  and 
men  in  Navy  “pools”  between  18 
and  SO  were  eligible  to  take  the 
“Eddy  Test,”  an  examination  de¬ 
signed  to  gauge  an  applicant’s  fit¬ 
ness  for  technical  training.  Now, 
men  in  Navy  “pools”  up  to  88  years 
of  age,  as  well  as  those  88  to  50i 
can  qualify. 

Men  who  make  the  grade  in  this 
program  are  sworn  into  the  Navy 
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niANKLIN’S  CATALOG 


il.W.FRiWI« 

MANUFACTURING  CORP. 


of  electronic  components 

Illustrated  and  detailed  in  this*  new  catalog  are  the  products 
of  2  years  development  to  meet  the  rigid  requirements  of  war¬ 
time  necessity  . . .  newly  designed  and  patented  Sockets,  Plugs, 
Switches,  Contacts,  Terminal  Boards  and  Assemblies  for  war¬ 
time  electronic  use. 

When  the  armed  services  demanded  new  designs  Franklin 
engineers  were  ready  with  a  specialized  background  of  many 
years  experience  with  Radio  and  Electronic  Components  and  a 
full  understanding  of  operating  conditions  under  wartime  use. 
The  products  shown  in  this  new  catalog  are  war-tested  proof 
of  Franklin's  ability  to  develop  and  produce  the  goods. ..today 
for  the  armed  services  .  .  .  tomorrow,  the  moment  Victory  is 
ours,  for  the  Radio  and  Electronic  Industries  Peacetime  Products. 

D0sign  Engineers  will  find  the  New  Franklin 
Catalog  of  inestimable  value  .  .  . 

Writ*  for  your  copy  on  your  company  l•tt•rh•ad. 


SOCKETS  •  TERMINAL  STRIPS  •  PLUGS  •  SWITCHES  •  PLASTIC  FABRICATION  •  METAL  STAMPINGS  •  ASSEMBLIES 


175  VARICX  ST.;  NEW  YORK14,N.Y. 
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Struthers  Dunn 


5,288 

TYPES  OF 

RELAYS 

Each  available  in 
countless  coil  combinations 


1321  AUt 


DiS'RICT  F.SGINI  fIfISi.  O'fir;'  a  '  N  1 
0  A  I  L  A  >  .  D  E  N  V  t  R  .  0  >  ^  r  O  !  !  .  i*  A  R 
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as  seamen,  first  class,  at  $66  per 
month  and  transferred  to  ser.ice 
schools  in  Chicago  for  10  month’i 
training  in  electronics. 

After  graduation  they  are  rated 
radio  technicians,  second  class,  and 
then  assigned  to  sea  or  shore  billeti 
to  maintain,  install  and  operate 
various  devices.  The  average  grad¬ 
uate  is  able  to  qualify  for  a  first 
class  rating  shortly  after  taking 
up  his  new  duties. 

The  “Eddy  Test’*  covers  basic 
mathematics,  physics,  fundamental 
electricity,  shop  practice  and  radio. 


American  Programs  for 
Chinese 

China’s  most  powerful  long-waw 
station,  XGOA  in  Chungking,  Is 
now  regularly  rebroadcasting  short¬ 
wave  programs  by  the  overseas 
Branch  of  OVVI  originating  in  San 
Francisco.  Chungking  reports  that 
these  rebroadcasts  of  American 
programs  are  as  clear  as  local  pro¬ 
grams  originating  in  Chungking. 

Speaking  of  this  evidence  of 
China’s  technological  development, 
FCC  chairman  James  L.  Fly  said, 
“Here  is  clear  evidence  of  the 
Chinese  Government's  desire  to 
stimulate  an  awareness  of  global 
developments  among  the  Chinese 
people,  not  just  among  the  most 
wealthy  people  with  short-wave  it- 
ceiving  equipment,  but  among  the 
middle-class  people  with  less  ex¬ 
pensive  long-wave  radio  sets.  In 
fact,  China  has  even  made  a  start 
at  bringing  foreign  radio  programs 
to  the  lowest  income  groups,  to  the 
man  in  the  street  who  could  not 
dream  of  owning  a  ‘receive-listen 
machine’. 

For  example,  San  Francisco  is 
now  broadcasting  a  daily  half-hour 
program  especially  for  Kweilin,  one 
of  the  great  cities  of  southeast 
China.  This  program  Is  rebroad¬ 
cast  by  means  of  a  public-address 
system  whose  amplifiers  are  placed 
at  strategic  locations  throughout 
the  city’s  streets  and  parks. 

“These  developments  presage  s 
growing  two-way  exchange  of  Ideas 
between  the  people  of  America  and 
the  people  of  China — a  direct  pop¬ 
ular  intercourse  that  will  lay  the 
foundation  for  a  deep-rooted  un¬ 
derstanding  and  friendship  in 
years  to  come.” 


INSULATORS 


are  a  "Main  factor”  of  the  high  power  electronic 
tube.  Quartz  is  the  best  electrical  insulator  known 
to  science.  Many  other  qualities  make  it  ideal  for 
the  job.  .  .  .Not  subject  to  thermal  shock.  Non 
hygroscopic.  High  surface  resistance.  Shaped  to 
specification. 


ULTRA  VIOLET  LAMPS  (  qaarti 


mercary 


HYDROGEN  ARCS  IN  QUARTZ 
FUSED  QUARTZ  ROD, 

TUBING.  PLATES  and  SPECIAL  SHAPES 


HANOVIA 

CHEMICAL  &  MANUFACTURING  CO. 

Dept.  E-8  NEWARK  5.  N. 


ELECTRONICS 


ARi  YOV 
PULUN&.  MR.W* 


•  ARf  YOU  ^ 
SHOVINO.m.B? 


Dropped  33  feet  to  a  cement 
sidewalk,  this  B  &  W  Air  In* 
ductor  was  immediately  put 
back  in  perfect  operating  con* 
didon  without  tools  of  any 
kind.  Actually,  the  only  dam* 
age  was  a  bent  **banana”  plug, 
and  a  cracked  support  bar. 


This  indent  feature  illustrates 
the  versarility  of  B  A  W  **Air 
Wound”  design.  Every  turn  of 
the  wire  is  indented  on  alter* 
nadng  sides  of  the  coil.  This 
means  that  the  windings  on 
both  sides  of  the  turn  you 
want  to  tap  are  indented  out 
of  the  way.  No  matter  how 
small  the  wire,  or  how  close 
it  is  wound,  taps  can  easily  be 
made  anywbtrtu  the  indiictor. 


“Air  Wound”  Inductors — pioneered  and  perfected  by  B  &  W— 
hold  many  advantages  for  many  applications : 

•  They  weigh  much  less.  Con-  — still  at  a  minimum  oj  weight. 

winding  form,  art  ,  They  ogtr  grtaiir  dtrign  adapt- 
eltmtnatea.  ability  in  such  valuable  features  as 

•  They  are  readily  adaptable  to  indented  turns  which  make  it  easy  ^ 

almost  any  mounting  arrangement.  to  tap  any  turn  on  a  small  coil.^  ' 

•  They  are  far  less  likely  to  be  •  They  have  exceptionally  low 

damaged  if  dropped.  T here  is  little  dielectric  loss. 

about  them  to  break- and,  even  if  «  They  are  wound  to  uniform 

bent  completely  out  of  shape,  they  pitch. 

can  easily  be  repaired.  ^  They  lend  themselves  readily  to 

•  They  can  be  protected  for  mechanical  and  electrical  revisions 

rough  service  with  bumper  rings  in  the  circuit. 

. . .  For  other  uses  B  &  W  offers  a’ variety  of  ceramic  and  phenolic 
form  coils.  Whatever  your  coil  problem,  come  to  coil  headquarters ! 


**Air  Wound”  construction  is 
just  as  desirable  for  mammoth 
inductors  as  it  is  for  small 
ones.  Here  you  see  a  B  &  W 
No.  1391  Air  Inductor,  only 
2“  in  diameter  by  3"  long,  in 
a  size  comparison  with  a  B  A  W 
high-power  (10  KW.)  coil. 
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Indoors  or  out  —  undor  any 
climatic  or  acoustic  condition, 
tho  ruggod  dapondability  of 
Tumor  Micropbonas  is  soma- 
thing  you  can  always  dapand 
upon.  That's  why  Tumors  am 
in  such  groat  damand  for  vital 
war  communications. 


ThefURNERcO. 

Cedar  Rapids,  Iowa 


is  "t3rpha^  llie  dttfpend- 
^  .  of  Tinnier  Microphones.  A 
S^lie  hick  of  tT9-S  lets  you  work 
50  or  200  (^ms,  500  ohms  or  hi* 
<1^1  hiformation  and  prices,  write 


urner  Microphone  the  stiffest  test  you  can 
Use  it  in  any  spot,  from  the  finest  hroad- 
sffidio  to  the  jungles  of  the  South  Pacific, 
^ 'Still  he  completely  satisfied  with  the  heau- 
elear,  concise  and  intelligible  transmission. 
Engineering”  combined  with  rugged  con- 
and  stream-lined  modem  beauty  make 
?J^crophones  first  choice  of  the  most  critical 


Revised  Standards  for 
Instruments  and  Shunts 

Revisions  of  American  War  Stand¬ 
ards  for  electrical  panel-type  in¬ 
struments  and  shunts  have  been  an¬ 
nounced  by  the  American  Stand¬ 
ards  Association.  These  revisions 
have  been  made  as  a  result  of  held 
experience.  They  cover  perform¬ 
ance  requirements,  test  methods, 
standard  dimensions  and  ranges  for 
a  standard  series  of  the  instru¬ 
ments  mentioned  which  will  meet 
the  quality  demanded  by  the  armed 
forces.  The  standards  provide  for 
complete  interchangeability,  both 
electrically  and  mechanically,  but 
leave  the  manufacturer  free  to  use 
his  ingenuity  in  internal  design 
and  improvements. 

Both  standards  include  applic- 
cable  specifications  and  drawings, 
classification,  materials,  workman¬ 
ship,  general  and  detail  require¬ 
ments,  methods  of  sampling,  inspec¬ 
tion  and  tests,  packaging,  packing 
and  marking  for  shipment,  and  re¬ 
quirements  applicable  to  individual 
government  departments.  Copious 
notes  and  drawings  further  clarify 
the  text. 

The  American  War  Standard. 
Electrical  Indicating  Instruments 
(2i-inch,  Round,  Flush-Mounting, 
Panel-Type)  (C39.2-1944)  may  be 
obtained  for  50  cents  a  copy  and  the 
standard  for  External  Ammeter 
Shunts  (C39.5-1943)  for  25  cents 
a  copy.  Both  may  be  ordered  from 
the  American  Standards  Associa¬ 
tion,  29  West  39th  Street,  Nev 
York  18,  N.  Y.  They  are  available 
from  the  government  agency  con¬ 
cerned,  without  charge,  for  pro¬ 
curement  purposes  only. 


Future  Radio  Models 

Pbedictions  about  the  future  of 
radio  were  made  by  Paul  V.  Galvin, 
president  of  the  Radio  Manufac¬ 
turers’  Association,  while  address¬ 
ing  the  National  Retail  Furniture 
Association  in  Chicago.  He  re¬ 
viewed  the  wide  use  of  radio  and 
special  electronic  apparatus  in  the 
war  an3  pointed  out  that  the  radio 
industry  is  in  a  rather  unique  posi¬ 
tion  in  that  it  is  able  to  make  a 
quick  conversion  to  civilian  produc¬ 
tion.  Unlike  other  industries,  the 
conversion  from  war  radio  models 
to  civilian  radio  models  will  involve 
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the  same  type  of  manufacturing 
facility  and  tiie  same  ‘Imow-how  . 

predict  that  there  will  be  no 
civilian  radios  built  and  delivered 
to  the  trade  during  the  year  1944. 
I  predict  it  will  be  over  six  months 
after  Germany  is  defeated,  before 
the  industry  gets  squared  around 
for  any  production  of  civilian  sets. 

AuthoruMtion 

'^You  will  hear  from  some  nuuiu- 
facturers  that  they  will  get  back 
into  civilian  prouuction  in  ninety 
to  one  hundred  and  twenty  days. 
Unfortunately,  that  statement  is 
inferentially  interpreted  as  ninety 
to  one  hundred  and  twenty  days 
after  Germany  is  licked.  In  reality, 
it  will  be  some  time  after  the  Lim¬ 
itation  Order  under  which  we  are 
now  operating  is  altered  by  WPB, 
and  we  get  authorization  to  use 
materials  for  civilian  radio  sets. 

I  don’t  think  the  operational 
services  of  the  Army,  Navy  and  Air 
Corps  will  leave  the  radio  industry 
off  the  hook  the  day  after  Germany 
is  defeated.  They  wiU  appraise 
their  further  needs  from  our  in¬ 
dustry  for  the  Pacific  job.  After 
this  appraisal,  we  will  get  some  re¬ 
laxation  of  the  Limitation  Order 
from  WPB,  and  there  will  be  an 
allocation  of  “X”  amount  of  mater¬ 
ial  in  order  to  make  “Z**  quantity 
of  radio  sets  by  “X”  number  of 
radio  manufacturers.  From  this  re¬ 
lease,  there  will  not  be  enough 
radios  to  fill  the  market  needs  from 
the  start. 

As  the  Pacific  phase  of  the  war 
draws  to  a  completion,  and  the  mil¬ 
itary  services  are  sufficiently  sup- 
plied,  greater  relaxation  will  con¬ 
tinue  from  time  to  time  and  in¬ 
creased  quantities  of  sets  will  be 
made  from  period  to  period  as  time 
goes  on,  until  finally  the  restriction 
will  be  removed  entirely.  But  the 
full  restriction  will  not  be  lifted 
until  after  Japan  is  defeated. 

“Upon  resumption  of  civilian  ra¬ 
dio  manufacture,  we  will  get  broad¬ 
cast  receivers,  both  the  AM  and 
FM  tsrpe.  There  will  be  no  Victory 
models.  Each  manufacturer  will 
have  his  own  designs.  We  may 
possibly  get  phonograph  combina¬ 
tions  on  the  first  release.  Phono¬ 
graph  combinations  will  depend 
upon  how  soon  we  will  resume  pro¬ 
duction  and  upon  the  material  situ¬ 
ation  at  that  time.  Retail  prices  of 
radio  sets  on  resumption  of  civilian 


Rapid  Cleaning  of  Scale 

From  Steel,  Iron  or  Other  Metals 
A  10  Minute  Job  in  10  Seconds 

LEHMAN  BROS  Self-Feeding 

S  AXD  Blast 


Moss  Production 
Or  Small  Job  Units 


Matt  Finishing  or  Frosting 
for  Coloring 
effea 

Stencilling 
Letters 
or  Designs 


CaUnct  Type— 'wock 
done  imide  cabinec. 


RAPID 

CLEANING 

ol 

Weld  Joints 


Cabinet  Tjrpc — ^work 
done  by  pieising 
againtt  top  aperture 
on  outside. 


LEIMAN  BROS 


155  Christie  Street,  Newark  5,  N,  J, 
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An  Important  Row  Pnblication 


I  ENGINEERING  HANDBOOK  ] 


“MECHANICAL  SPRINCS,  7/U  & 


'/na  and^esi^H^ 


Wh«th*r  you  buy,  us*  or  dosign  mechanical  springs,  this  new  engineering 
handbook  will  prove  interesting  and  practical.  Its  purpose  is  to  collect  and 
present  charts,  tables  and  lormuias  upon  which  the  engineering  and  design  of 
mechanical  springs  are  currently  based.  The  material  offered  represents  the 
research  and  knowledge  of  the  combined  engineering  forces  of  the  several 
Divisions  of  the  Associated  Spring  Corporation.  Helpful  pointers  on  the  selec* 
tion  of  materials,  types  of  springs,  methods  of  calculation  —  all  appear  in 
eosy-to-read,  simple  language. 


A  copy  will  be  sent  to  any  executive,  engineer,  designer,  or  purchasing 
agent  who  is  interested  in  Springs.  Use  the  coupon,  or  request  it  on  your  letter- 
heod,  and  address  to  the  nearest  Division,  or  the  Division  you  customarily  contact. 


WALLACE  BARNES  COMPANY 

BRISTOL..  CONNECTICUT 

The  WILLIAM  D.  GIBSON  COMPANY 

1800  CL.YBOURN  AVE., CHICAGO  14,  lUL 

RAYMOND  MANUFACTURING  CO. 

CORRY,  PENNSYLVANIA 

BARNES-GIBSON-RAYMOND 

6400  MILLER  AVE.,  DETROIT  11.  MICH. 
COOK  PLANT,  ANN  ARBOR,  MICH. 

DUNBAR  BROS.  COMPANY 

BRISTOL.  CONNECTICUT 

F.  N.  MANROSS  &  SONS 

BRISTOL.  CONNECTICUT 

CANADA 

The  WALLACE  BARNES  CO.,  LTD. 

HAMILTON.  ONTARIO 


r 


To. 


(FILL  IN  NAME  OF  DIVISION  ABOVE) 


ADDRESS 


PLEASE  SEND  THE  NEW  ENGINEERING  HANDBOOK 
"Mechanical  Springs,  their  Engineering  and  Design" 


NAME 

POSITION 

COMPANY 

ADDRESS 


DIVISIONS  OF  ASSOCIATED  SPRING  CORPORATION 
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production  will  be  from  25  to  10 
percent  higher  than  pre-war  sets. 


“After  the  war,  the  automatic 
radio-phonograph  combination  is 
going  to  be  the  source  of  tremen¬ 
dous  business.  I  don’t  thing  the  wax 
platter  record  is  going  to  pass  out, 
the  record  manufacturers  are  not 
sound  asleep.  The  automatic  radio- 
phonograph  combination  will  be 
within  reach  of  the  mass  American 
buying  public,  and  it  will  be  an  in¬ 
strument  of  very  high  quality. 

Radio  discounts,  in  my  estima¬ 
tion,  were  not  out  of  line  before  the 
war  considering  the  service  and 
trade-in  problems,  and  I  believe 
about  the  same  discount  structure 
will  prevail  upon  resumption  of 
sales. 

This  is  a  thumb-nail  picture  of 
post-war  radio  as  I  see  it.  The 
term  “post-war”  is  somewhat  am¬ 
biguous  because  we  are  not  actually 
going  to  wait  until  our  entire  war 
effort  is  completed  before  we  re¬ 
sume  the  production  of  civilian 


WRITE  FOR  FULL  PARTICULARS  TODAY 


“I  believe  that  there  will  be  no 
television  sets  built  until  after 
Japan  is  defeated.  Technically, 
television  is  here  today,  but  the 
system  standards  and  frequency 
allocation  problems,  as  well  as  the 
station  transmitting  problems,  re¬ 
lay  station  problems,  and  program¬ 
ing  problems  for  commercial  tele¬ 
vision  will  hold  it  back.  However, 
when  commercial  television  does 
come  it  will  move  very  fast  Tech¬ 
nical  advances  during  the  war  have 
brought  forth  improvements  that 
make  possible  moderately  priced 
television  sets  which  will  reach  the 
mass  market 

Television  after  the  war  will  not 
be  confined  to  a  little  peep-hole 
view  somewhere  in  front  or  on  top 
of  the  television  cabinet  Projec¬ 
tion  of  a  good-sized  picture  on  the 
wall  will  make  it  much  more  accep¬ 
table  from  a  viewing  standpoint 
The  post-war  opportunities  in  man¬ 
ufacturing,  merchandising,  adver¬ 
tising,  programing,  and  broadcast¬ 
ing  of  television  open  such  a  tre¬ 
mendously  interesting  field  for 
American  ingenuity  and  enterprise 
that  we  will  have  a  new  industry- 
television — superimposed  onto  a 
now  already  large  industry — the 
radio  industry. 


Combinations 


If  you  make  meters,  regulators,  temperature 
indicators  or  any  other  precision  instruments.  Duo- 
pivots  are  a  must  for  you.  The  two  types  —  drill 
rod  steel  and  drill  rod  tipped  with  precious  metals 
—  assure  you  of  dependability,  corrosion  proof, 
tough,  resistont-to-weor  performance.  Duopivots  are 
unaffected  by  moisture,  heat,  cold,  vibrations  or 
magnetism. 

Send  us  your  specifications  today.  You  will  get 
prompt  action— quick  quotations— and  fast  delivery. 


Television 


you  J^eed 


Made  From  Drill  Rod  Steel 
Tipped  With  Precious  Metals 
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CE  872-A 


GENEVA,  ILL 


N£W  YORK  OFFICE 
265  W  14fh  ST 


CHICAGO  OFFICE 
903  merchandise  MART 


of  the  pioneers  .n  rne  - 
js  a  wide  range  of  Pov 
ubes  IThyratrons),  Ph< 
ctronic  tubes. 

_  ,hei,  hi9h  ‘txo'i’Y  ' 
hid  .or«a  lor  rt..." 
by  many  ot  tne 


•  Continental,  one 
tube  industry,  pro< 
tifiers,  grid  contr< 
and  other  special 

•  ions  before  the 
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fA  P  L  E  T  E  I 

.  ^  _  wide  fin® 

M«S,  phototubes 
electronic  tubes 

Writ*  catalog 


An  outstanding  tube  in 
the  famous  CETRON  line 


•  Continental’s  CE  872A  is  designed  to  meet  rigid  Army  and  Navy  specifications.  It  incorporates  numerous 
improvements  in  design  and  processes  which  insure  EFFICIENCY  .  .  .  RUGGEDNESS  .  .  .  LONG  LIFE. 


•  Detailed  specifications  are  given  in  Bulletin  117-A  which  will  be  sent  on  request.  We  are  able  to  make 
prompt  delivery  on  satisfactorily  rated  orders. 
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sets.  We  are  going  to  resume  pro¬ 
duction  some  time  after  the  Euro¬ 
pean  phase  has  been  concluded.  Thi& 
period  will  cover  the  filling  of  the 
pipe  lines  with  very  greatly  im¬ 
proved  models.  From  there  on  out,, 
the  industry  will  continue  to  incor¬ 
porate  its  war-time  improvements 
into  models  which  will  meet  the  cur¬ 
rent  radio  wants  of  consumers." 


Dry  Cells  for  Civilians 

Although  the  materials  situa¬ 
tion  has  improved,  and  facilities  of 
the  industry  have  been  greatly  ex¬ 
panded,  the  possibility  of  increas¬ 
ing  the  supply  of  dry  batteries  for 
civilian  use  in  1944  appears  remote. 
In  fact,  production  of  some  kinds 
of  batteries  used  by  civilians  mar 
be  even  lower  than  in  1943,  accord¬ 
ing  to  the  Consumers  Durable 
Goods  Division  of  WPB. 

Last  year  the  dry  battery  indus¬ 
try  produced  the  equivalent  of 
3,760,000  radio  battery  packs,  com¬ 
pared  with  3,600,000  produced  in 
1940.  Less  than  two  percent  of  this 
quantity  was  used  in  industrial  and 
technical  equipment.  All  the  rest 
went  to  the  farm  market. 

Shipments  of  No.  6  type  batter¬ 
ies,  including  multiple  types,  were 
almost  exactly  the  same  in  1943  as 
in  1940.  These  batteries  are  used 
to  a  large  extent  in  rural  areas  for 
telephones,  gas  engine  ignition,  and 
electric  fences.  Large  quantities 
are  used  also  by  railroad,  telephone 
and  telegraph  companies,  by  the 
fishing  industry,  and  for  protective 
alarm  systems. 

More  than  55,000,000  individual 
cells  were  produced  for  assembly 
into  hearing  aid  batteries.  Final 
figures  show  that  production  of  as¬ 
sembled  hearing  aid  B  batteries 
reached  a  total  of  approximately 
1,600,000. 

Lantern  battery  shipments  were 
85  percent  higher  than  in -1940.  Al¬ 
most  the  entire  amount  produced 
went  to  railroads  for  use  by  train- 
1  men. 

Approximately  half  as  many 
1  flashlight  batteries  were  shipped  in 
1943  as  in  1940,  and  many  of  these 
did  not  reach  the  retail  market, 
j  War  plants,  public  utilities,  and 
other 


The  old  phrase — "as  modern  as  tomorrow" — hets  taken  on  new 
meaning  in  these  times.  Research  and  development  have  be¬ 
come  a  feverish  activity  in  the  laboratories  of  American  industry, 
which  will  result  in  new  peace-time  products. 


Webster  Electric's  skiU  in  engineering  and  long  years  of  ex¬ 
perience  in  building  magnetic  reproducers  and  crystal  pickups 
are  now  a  part  of  the  effort  toward  winning  the  war.  And  the 
search  for  improvements,  to  meet  the  constant  demand  for  even 
finer  products,  goes  on  in  these  laboratories,  too. 


Even  now  homes  that  enjoy  radio-phonograph  combination  sets 
know  the  pleasure  and  entertainment  that  brings  relaxation  in 
the  midst  of  crowded,  hectic  days.  Webster  Electric  Pickups  are 
standard  on  many  of  these  sets. 


When  new  sets  can  be  built  again,  Webster  Electric  will  be 
ready  to  serve  the  industry  with  new  developments  designed 
for  the  modern  world  of  tomorrow. 


(Licensed  under  patents  o/  the  Hrusk  Development  Company) 


whose  requirements 
had  increased  as  a  result  of  the 
war,  received  a  much  greater  share 
than  in  1940. 

All  military  operations,  on  land 


'Wbmie  Quality  in  a  Reaponsibility  and  Fair  Dealing  an  Obligation 
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Smart  Electronic  Equipment  Builders 

WIRE-PLAN  PRODUCTS  IN  THE  DESIGN  STAGES 
TO  PREVENT  WIRE-FAILURES  LATER 


nuaiBlL  HOOHUP  COW  — 

,  «w*  ‘***T  VL^ie  h.x*up  obtwn- 

Bo«*^‘^oaortor»  to 


lOCKBlS^OS 


Don’t  get  left  at  the  post  by  neglecting  important  little 
things  in  post-war  designing  ...  do  your  wire-planning 
while  the  projects  are  on  the  drafting  board  and  avoid 
trouble  later.  Give  nec*essary  consideration  to  dielec¬ 
tric  strength,  operating  temperatures,  voltage  ratings, 
wire  “specs,”  conditions  under  which  your  product 
may  be  used,  diameters  of  glands,  bushings,  knock¬ 
outs,  bend  radii  of  wireways,  etc.,  . , .  and  eliminate 
wire-failures  in  advance. 

Investigate  permaneiithf  inmlated  Ro<*kbestos  wires, 
cables  and  cords  for  trouble-free  performance.  These 
wires  all  have  built-in  characteristics  that  provide 
i  resistance  to  heat,  cold,  flame,  moisture,  oil,  grease 
\  and  corrosive  fumes.  If  one  of  our  122  standard 

\  constructions  won’t  do,  Rcn  kbestos  Research  will 

I  be  glad  to  cooi>erate  with  you  in  developing  a  wire 
1  that  will  exactly  meet  your  specific  performance 
I  specifications.  For  enginet*ring  assistance  or  in- 
I  formation  write  our  neart'st  branch  office  or: 

I  Rockbestos  Products  Corporation,  410  Nicoll  St, 
I  New  Haven  4,  Conn. 


HSBlSTOS  w 

cojo*"*- 
-..ilanl.  ^ 


ItOCBBtSTOS 

undft  vib 


[  WtRt 


ROCRBtSTOS 

.  1 
,  lor  CW®  ' 

OwMtV.iTbus  wire 

•*  '“fJlli' The  ins"*" 
S'S'hy  he.t  or 


,  niW^*  ond  ro'*** 


Kiickbr’^ 


Solves  Difficvff  Wiring  Problems 


NEW  YORK.  BUFFALO,  CXEVELAND,  CHICAGO,  PITTSBURGH,  ST. 
LOUIS.  LOS  ANGELES.  SAN  FRANCISCO.  SEATTLE,  PORTLAND,  ORE 
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That's  a  proverb  that  is  all  wrong.  We 
are  doing  new  things  with  mica  every 
day.  Shaping  and  forming  to  precision 
standards.  Whatever  can  be  done  with 
Mica  we  can  do  .  .  .  new  tricks  too. 


I  and  sea  and  in  the  air,  require  enor¬ 
mous  quantities  of  dry  batteries. 

;  If  batteries  are  not  immediately 
!  available,  it  is  because  batteries 
I  are  needed  for  walkie-talkies,  ba¬ 
zookas,  signal  lights,  or  other  war 
I  equipment. 

I  RMA  Standardization  Setup 

There  has  recently  been  some 
misunderstanding  of  the  function¬ 
ing  of  the  standardization  machin¬ 
ery  of  the  RMA  Engineering  De¬ 
partment  and  the  following  expana- 
tion  of  the  origin  and  theory*  of  op¬ 
eration  is  timely,  as  plans  are  being 
I  formulated  now  for  the  post-war 
operation  of  the  Engineering  De¬ 
partment  and  constructive  com¬ 
ments  would  be  welcomed  by  Vir¬ 
gil  M.  Graham,  associate  director  of 
the  Department  His  address 
changed  recently  and  communica¬ 
tions  should  be  addressed  to  him  at 
Radio  Manufacturers  Association, 
P.  0.  Box  760,  Williamsport,  Pa. 

Reorganization  for  i)eacetime  ac¬ 
tivities  may  require  minor  changes 
in  the  details  of  operations. 

In  the  early  days  of  the  RMA  en¬ 
gineering  activities,  standards  or 
!  recommended  practices  were  pro- 
j  posed  by  any  of  the  several  engi¬ 
neering  committees,  considered  by 
a  “General  Standards  Committee” 
and,  if  approved,  submitted  to  the 
membership  by  “letter  ballot”.  If 
90  percent  of  the  votes  were  fa¬ 
vorable  (ballots  not  returned  were 
considered  affirmative)  the  pro¬ 
posal  became  an  RMA  Standard  or 
I  Recommended  Practice.  The  ob- 
I  vious  difficulty  with  this  system  wa.s 
that  there  usually  were  so  few  bal¬ 
lots  returned  that  the  proposal  had 
to  be  considered  approved  “by  de¬ 
fault”.  This  procedure  was  bad 
because  when  valid  objections  were 
[  raised  with  one  or  two  negative 
I  ballots,  they  had  to  be  disregarded 
according  to  the  rules  unless  the 
I  chairman  of  the  Standards  Com¬ 
mittee  exercised  a  power  not  dele¬ 
gated  to  him  and  threw  the  subject 

J  back  to  the  committees. 

i 

'  SAE  System 

About  1934,  a  survey  was  made 
I  of  the  standardization  procedure 
I  of  several  similar  organizations. 
!  This  survey  indicated  that  the  pro¬ 
cedure  evolved  and  used  with  satis¬ 
faction  by  the  Society  of  Automo¬ 
tive  Engineers  suited  our  needs 
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The  Browning  Signal  System  for 
plant  protection  effectively  covers 
every  inch  of  a  given  “beat”  by 
means  of  a  balanced-capacitance, 
electronic  circuit.  Proved  in  serv¬ 
ice  before  Pearl  Harbor,  it  obviates 
human  failure,  releases  guards  for 
needed  man-j>ower. 


Browning  Frequency  Meters  pre^ 
check  radio  transmitters,  help 
assure  communications  clarity 
and  dependability.  Long  have 
been  standard  equipment  for 
police,  fire,  public  utility  and 
similar  emergency  radio  sys^ 
terns.  Meet  FCC  requirements. 


Illustrated  Literature  Upon  Request 


UBORATORIES,  IRCORPORATED 
WIHCHESTER.  MAISACIIISETTS 
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Travel-accident  insurance 

IMMEDIATaY  AVAILABLE  in  large 
amounts  either  directly  or  through 
your  insurance  broker  in  leading 
American  insurance  companies. 
Ask  our  nearest  office  for  a  copy 
of  "Travel -Accident  Insurance," 
sent  without  obligation.  If  your' 
problem  is  urgent,  phone  or  wire 
us  for  a  quotation. 

fci  aviation  and  inMuranea  drda»,  MJIKSJI A  CO. 
fcos  long  boon  rooognaod  of  o  pionoor  in 
aviation,  air  targo  and  foroign  insuranco* 


AVIATION  AND  GENERAL.  INSURANCE 


60  EAST  42ND  STREET 
NEW  YORK  17,  N.  Y. 
Murray  Hill  2-7424 


1616  WALNUT  STREET 
PHILADELHIA  3,  PA. 
KINgsley  1200 


PAR  KER  <S6  CO. 


quite  well.  This  system  eliminated 
the  bad  features  of  the  one  out. 
lined  above  and  provided  needed 
flexibility  for  our  industry. 

This  SAE  System,  as  adapted  to 
RMA  provides  for  the  formulation 
and  proposal  of  material  for  stand¬ 
ardization  by  the  several  commit¬ 
tees  or  sections  of  the  Ensrineering 
Department,  on  their  own  initiative 
or  on  request  of  the  various  RMA 
Divisions  on  occasion.  The  material 
is  then  circulated  in  the  form  of 
“Standards  Proposals”  requesting 
comment  and  criticism.  These 
Standards  Proposals  are  sent  to  all 
members  of  all  ensrineering  com¬ 
mittees,  the  executive  of  each  mem¬ 
ber  company,  and  now  to  the  mem¬ 
bers  of  all  divisions  and  sections  of 
RMA.  When  comment  and  criti¬ 
cism  is  received  it  is  filed  with  the 
particular  Standards  Proposal  and 
prior  to  the  ensuiner  meeting  of  the 
General  Standards  Committee  these 
files  are  incorporated  into  an  agenda 
for  this  meeting. 


ReeommendationM 


This  General  Standards  Commit¬ 
tee  has  no  power  to  make  changes 
in  a  proposal  other  than  minor  ones 
of  an  obvious  or  editorial  nature  as 
result  of  comments  received.  Its 
actions  are  therefore  confined  al¬ 
most  entirely  to  acceptance,  re¬ 
jection,  or  reference  back  to  the 
formulating  committee  with  recom¬ 
mendations.  These  actions  must  be 
based  on  the  answers  to  the  Stand¬ 
ards  Proposals  or  discussions  in 
the  meeting,  where  new  objections 
are  sometimes  raised  as  a  result  of 
occurrences  subsequent  to  the 
Standards  Proposal  procedure.  In 
other  words  the  General  Standards 
Committee  functions  as  a  quasi¬ 
judicial  group  deciding  on  the 
validity  of  any  objections  to  the 
material  proposed  for  standardiza¬ 
tion.  It  is  obvious  that  this  type  of 
procedure  eliminates  the  major  ob¬ 
jection  to  the  older  procedure,  as 
now  one  valid  objection  can  at  least 
cause  the  proposal  to  be  reconsid¬ 
ered,  whereas  if  the  industry  has 
raised  no  objections  and  if  the 
members  see  none,  the  proposal  be¬ 
comes  an  RMA  Standard  or  RMA 
Recommended  Practice.  The  Gen¬ 
eral  Standards  Committee  can  act 
only  in  meeting. 
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Moire  Sure  of  tNGiNmm  when  you  choose  your  Plastic  Molder 


Engineering  is  only  one  of  the  func¬ 
tions  a  Plasdc  Molder  must  perform 
...  but  it’s  a  vital  one.  And  we’ll 
whisde  that  again! 

Because  without  a  thorough  knowl¬ 
edge  of  toolmaking,  molding  com¬ 
pounds  and  molding  techniques,  ideas 
never  become  blueprints,  and  blue¬ 
prints  never  become  products.  That’s 
why  we  forever  feature  engineering 
functions  at  Kurz-Kasch. 

From  the  blueprint  to  the  finished 
parts,  of  course. 


capacity  of  a  large  and  modernly 
equipped  plant  which  we  confidently 

ex^ct  to  keep  quite  busy  after  the  ■Pr  ^ 

war.  We  know,  because  right  now  ^ 
we’re  talking  Engineering  on  niany 

products  for  customers  both  old  and  j| 

new.  If  you’re  interested  in  Plastics 

— now’s  the  time!  No  obligation.  ~  mUImKtM 

THE  EARLIER  Engineering  gets  on  the  job,  the  better!  When  you 
A  lo<Jt  at  a  top-notch  plastic  application,  it’s  ten  to  one  that  the  Custom 

Molder  sat  in  on  the  job  from  the  ground  floor  up.  Let  us  help  with 
...  blueprints  ami  molding  material  specifications. 


more  specialized 
skills  are  called  for.  Here  at  Kurz- 
Kasch,  they  all  find  a  common  meet¬ 
ing  place  with  your  engineers  at  the 
Plastics  Round  Table  .  .  .  where  a 
generation  of  experience  in  plastics  is 
pooled  to  work  out  the  best  Engineer¬ 
ing  and  Production  treatment  of  your 
application. 

Behind  all  this  lies  the  production 


For  over  25  years  Planners  and  Molders  in  Plastics 

Kuri-Kotch,  Inc.,  1421  South  Broadway,  Dayton  1,  Ohio 
Branth  Softs  Offfcot;  Now  York  •  Chicago  •  Dotroit  •  Indiaitapolit  •  Los  Angolot  *  Dallas 
St.  Louis  *  Toronto,  Canada.  Export  Officos:  89  Brood  Stroot,  Now  York  City 
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are  received  on  a  Standards  Pro¬ 
posal  they  are  forwarded  to  the 
formulating  committee  to  give  it  a 
chance  to  revise  the  Proposal  to 
reconcile  it  with  valid  criticism  be¬ 
fore  it  goes  to  the  General  Stiind- 
ards  Committee.  After  such  revi¬ 
sion  the  material  is  again  sent  out 
in  Standards  Proposal  form.  A  lim- 
ited  amount  of  flexibility  of  action 
in  this  respect  is  allowed  as  many 
times  as  a  formulating  committee 
may  flx  up  objectionable  points  in 
a  proposal  just  prior  to  the  meet¬ 
ing  of  the  General  Standards  Com¬ 
mittee.  In  such  a  case,  the  Chair¬ 
man  of  the  particular  committee 
presents  the  revision  to  the  Gen¬ 
eral  Standards  Committee  and  it 
decides  whether  to  accept  the  re¬ 
vised  proposal  or  whether  it  should 
again  go  out  as  a  Standards  Pro¬ 
posal. 

Both  RMA  Standards  and  RM'A 
Recommended  Practices  should  have 
the  same  use,  validity,  and  impor¬ 
tance  to  be  adopted.  In  general, 
standards  are  made  for  concrete 
matters  such  as  shaft  dimensions, 
etc.  Recommended  Practices  are 
formulated  for  actions  or  proced¬ 
ures  such  as  furnishing  instruction 
sheets,  etc.  Thus  a  Recommended 
Practice  on  furnishing  instruction 
sheets  might  lead  to  a  Standard  on 
the  form  of  the  sheet. 

Provisional  Standards 

While  the  above  standardization 
procedure  has  not  been  functioning 
during  the  war  period  for  obvious 
reasons,  any  “standards”  which 
may  be  printed  during  that  time 
through  actions  of  the  several  war¬ 
time  committees  are  only  "Provi¬ 
sional  Standards”  and  will  not  be 
adopted  as  RMA  Standards  (or 
Recommended  Practices)  until  after 
the  reconstitution  of  the  General 
Standards  Committee  at  such  time 
as  our  industry  is  reconverted  to 
peace  time  activity.  No  material 
will  bear  the  term  “RMA  Stand¬ 
ard”  unless  it  has  passed  through 
all  the  processes  prescribed  by  the 
"Organization  and  Working  Rules” 
of  the  RMA  Engineering  Depart¬ 
ment. 


Far  in  advanca  of  today’s  production  schedules  and  in  antici¬ 
pation  of  tomorrow’s  needs,  EICOR  engineers  are  preparing 
to  meet  the  inevitable  demand  for  rotary  electrical 
equipment  designed  for  new  applications.  During  recent 
years  their  store  of  knowledge  has  been  used  to  direct  our 
activities  and  those  of  others  in  the  manufacture  of 
more  and  better  motors  and  dynamotors  for  war  service. 

The  breadth  of  experience  gained  in  this  effort  fits 
them,  and  our  entire  organization,  for  an 
important  future  in  this  field. 

An  axcaptienal  range  of  designs  and  frame  sizes  facilitates 

the  development  of  equipment  to  meet  your  exact  _ 

specifications— from  tiny  direct  current  motors  to 

dynamotors  and  generators  for  every  conceivable 

output  or  purpose.  Our  facilities  are  equally 

adaptable  to  the  engineering  of  a  single  ^ 

experimental  unit  or  to  production  runs. 

Yonrs  of  patient  research,  the  "spadework”  y  ' 

that  improves  existing  products  or  creates  ^  ■ 

new  designs,  are  represented  in  every  ’  m 

EICOR  part.  Ifyou  use— or  expect  B 

to  use— motors,  dynamotors,  or 

generators,  submit  your  re- 

quirements  to  us;  our  engineers 

may  have  something  smaller 

or  lighter  or  better  to 

recommend. 


A  NEW  PATENT  suggests  flooding 
movie  theaters  with  ultraviolet  ra¬ 
diation  at  low  intensity.  Fluorescent 
material  on  the  seats  and  carpeting 
would  help  patrons  find  seats. 
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Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  vsefvl  to  you. 


Center  Scope  Brings  Optical  Precision 
to  Machine  Shop  Operations 


The  Center  Scope  is  an  optical  center¬ 
ing  and  locating  tool  that  can  be  easily 
and  quickly  used  on  any  machine  to 
center  work  reference  lines  to  a  spindle 
axis.  It  permits  accuracy  to  a  degree 
never  before  obtainable,  as  the  optical 
beam  or  line  of  sight  is  absolutely  in¬ 
flexible  and  cannot  be  distorted. 

The  Center  Scope’s  easy  accuracy  elim¬ 
inates  many  human  errors,  as  the  oper¬ 
ator  can  see  just  what  the  cutting  tool 
will  do  before  it  is  actually  fed  into  the 
work.  It  increases  production,  improves 
efficiency  and  prevents  spoilage.  There 
is  no  pressure  on  the  work  piece  nor  is 
it  sub|ect  to  wear  or  changes  in  temper¬ 
ature —  for  the  Center  Scope  never 
touches  the  layout. 

The  Center  Scope  enables  the  oper¬ 
ator  to  easily  and  quickly  locate  edges 
to  a  spindle  axis,  set-up  faster  and  com¬ 
pensate  for  run-out.  It  saves  vital  hours 
in  checking,  inspecting  and  measuring 
when  mechanical  methods  and  tools  are 
impossible  to  use.  Its  45  x  magnification 
allows  operator  to  see  ".001”  and  re¬ 
quires  no  technical  knowledge  or  train¬ 
ing  to  operate. 

While  there  is  nothing  particularly 
new  or  ingenious  about  Wrigley’s  Spear¬ 
mint  gum,  it  is  proving  useful  to  mil¬ 
lions  of  people  in  many  new  ways. 
Workers  in  war  plants  everywhere  have 
found  it  helps  keep  them  alert  and  re¬ 
lieves  nervous  tension  and  dry  mouth 
while  they  are  on  the  job. 

You  can  get  complete  information  from  the  Center 

Scope  Instrument  Company,  35 1  S.  LaBrea  Ave., 

Las  Angeles,  California,  or  Kearney  &  Trecker 

Products  Corporation,  Milwaukee,  Wisconsin. 


ON  A  VERTICAL  MIU— loccrting 
■imI  cvntMring  hAighl  gawgv  me 
sis*  Mock  layouts.  Pormits  fig 
beror  accuracy  on  moro  machinos. 


ON  A  HORIZONTAL  MILL— Hi* 
ability  to  cantor  a  layout,  •«lg* 
Mock  or  rotary  tablo  plug  whilo 
spindio  is  running.  Pormits  quick 
and  oasy  sot-up  for  high  procision 
work. 


Y-lll 


BWG  on  International 
Communications 

The  Board  of  War  Communica¬ 
tions  has  ordered  that 

(1)  Non-govemmental  business 
radiotelephone  calls  between  the 
United  States  and  Great  Britain 
shall  be  permitted  subject  to  the 
prior  approval  thereof  from  the  Of¬ 
fice  of  Censorship.  No  personal  ra¬ 
diotelephone  calls  shall  be  permitted 
between  the  United  States  and 
Great  Britain. 

(2)  No  non-govemmental  busi¬ 
ness  or  perscmal  radiotelephone 
call  shall  be  made  to  or  from  any 
foreign  point  outside  of  the  West¬ 
ern  Hemisphere  other  than  Great 
Britain  unless  such  call  is  made  in 
the  interest  of  the  United  States  or 
the  United  Nations  and  unless  an 
agency  of  the  United  States  Govern¬ 
ment  sponsors  such  call  and  ob¬ 
tains  prior  approval  therefor  from 
the  Office  of  Censorship.  This  pro¬ 
vision  shall  not  apply  to  American 
press  calls  or  radio  broadcast  pro¬ 
grams,  or  to  such  other  press  calls 
and  radio  programs  as  may  be  spe¬ 
cifically  approved  by  the  Office  of 
Censorship. 

(3)  No  calls  of  any  nature,  over 
the  radiotelephone  circuits  under 
the  jurisdiction  of  the  United 
States,  no  matter  where  such  calls 
may  originate,  unless  sponsored 
and  approved  as  provided  in  para¬ 
graph  (2),  shall  be  permitted  to, 
from,  or  on  behalf  of,  the  following 
thirteen  countries:  Egypt,  Finland, 
France,  Iceland,  Iran,  Ireland,  Lat- 
vias,  Lithuania,  Portugal,  Spain, 
Sweden,  Switzerland,  and  Turkey. 

Science  Talent  Search 
Finalists 

Forty  finalists  in  the  third  an¬ 
nual  nationwide  Science  Talent 
Search  attended  a  five-day,  all-ex¬ 
pense  Science  Talent  Institute  in 
Washington  during  March  who) 
they  met  leaders  in  many  fields  of 
science  and  high  government  offi¬ 
cials. 

During  the  Institute,  interviews 
and  final  examinations  determine 
the  award  of  two  four-year  West- 
inghouse  Science  Grand  Scholar¬ 
ships  worth  $2,400  each,  and  at  the 
discretion  of  the  judges,  up  to  $3,- 
000  in  additional  scholarships. 

Citations  of  honorable  mentions 
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best  in  radio  and  movies  (plus  a  few  things  of 
its  own),  promises  to  confound  the  skeptical 
and  reward  the  enterprising  by  soaring  to  the 
greatest  heights  of  all .  .  .  soon. 

Plan  now  for  your  telecasting  studio.  Reserve 
that  equipment  . .equipment  that  insures 
low  cost  operation.  These  things  can  be  done. 

— 1  DuMont  will  do  them  for  you. 

Allen  B.  DuMont  has  special- 
ized  in  television  since  it  was  a 
laboratory  curiosity.  By  devel- 
|k6||  opii'g  the  DuMont  Cathode 

Ray  Tube,  he  earned  the  title, 
’’The  Man  Who  Made  Com¬ 
mercial  Television  Practical”; 
he  put  wheels  on  Television’s 
Bandwagon.  Climb  aboard! 

The  man  who  made  com¬ 
mercial  television  practical  can 
make  it  profitable  for  you. 


Once  in  a  blue  moon  it  comes  along  . . .  that 
symbol  of  great  opportunity  dear  to  the  heart 
of  every  progressive  American — the  Band¬ 
wagon!  It’s  here  again! 

'This  time  the  Bandwagon  is  Television. 
You’ve  been  waiting  for  it.  Do  you  recognize 
it  now  that  it’s  time  for  the  first  seats  to 
be  taken.^  Better  look  again. 

Television  stands  today 
where  radio  stood  a  few  years 
ago  .  .  .  where  movies  stood  a 
few  years  earlier.  Those  Ameri¬ 
cans  who  were  the  first  to  climb 
aboard  are  continually  congrat¬ 
ulating  themselves! 

Men  who  can  judge  the  fu¬ 
ture  by  the  past  are  already 
climbing  aboard  this  1944 
Bandwagon.  They  know  that 
television,  which  combines  the 


AlUn  B.  DuMont,  crtstor  of  the 
DuMont  Cnthodt  Rny  Tnh*. 
DuMont  is  now  propiJing 
tompltu  pUnt  for  (omplttt 
tefteusting  equipment  .  .  .  will 
custom-huild  your  trunsmitting 
set-up,  provide  truining  for  per¬ 
sonnel  US  tost,  equip  your  stu- 
Sion,  reserve  your  muteriul.  The 
very  cornerstone  of  this  service 
is  tow  cost  of  operation.  Ve 
invite  your  inquiries. 


ALLEN  B.  DuMONT  LABORATORIES.  INC.,  GENERAL  OFFICES  AND  PLANT.  2  .MAIN  AVENUE.  PASSAIC.  N.  J. 
TELEVISION  STUDIOS  AND  STATION  W2XWV.  51>  MADISON  AVENUE.  NEW  YORK  22.  N.  Y. 

conrniaHi  i*44,  allkn  •.  dumont  labomatoiiiks,  inc. 
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were  also  awarded  to  260  entrants 
who  ranked  high  in  the  preliminary 
phases  of  the  Search,  but  not  hijrh 
enough  to  qualify  as  delegates  to 
the  Institute.  Honorable  mentions 
are  brougfit  to  the  attention  of  all 
colleges  and  universities,  which  in 
past  years  have  offered  substantial 
scholarships  on  the  basis  of  this 
attainment. 

The  Science  Talent  Search  is  con¬ 
ducted  by  Science  Clubs  of  Amer¬ 
ica,  and  the  scholarship  awards  are 
provided  in  the  interest  of  develop¬ 
ing  new  scientific  talent  in  America 
by  the  Westinghouse  Electric  and 
Manufacturing  Company. 


Radio  Club  of  America 
New  Officers 


Newly-elected  officers  of  the 
Radio  Club  of  America,  Inc.,  for 
1944,  are  as  follows:  president,  F. 
L.  Klingenschmitt,  Amy,  Aceves  & 
King,  Inc.;  vice-president,  0.  James 
Morelock,  Weston  Elec.  Inst.  Corp.; 
treasurer,  J.  J.  Stantley,  Con- 
.tinental  Sales  Co.;  corresponding 
secretary,  M.  B.  Sleeper,  FM 
Radio-Electronics;  and  recording 
secretary,  J.  H.  Bose,  engineer  con¬ 
nected  with  Major  E.  H.  Arm¬ 
strong  at  Columbia  University. 


Personnel 

Dr.  Vannevar  Bush,  director  of 
the  office  of  Scientific  Research 
Development  of  the  Office  of  Emer¬ 
gency  Management  and  president 
of  the  Carnegie  Institution  of 
Washington,  received  the  1943 
Edison  Medal  of  AIEE  at  the  win¬ 
ter  meeting  in  January.  He  is 
chairman  of  the  joint  committee 
on  new  weapons  and  equipment  of 
the  joint  United  States  Chiefs  of 
Staff  since  1942,  and  is  a  member 
and  former  chairman  of  the  Na¬ 
tional  Advisory  Committee  for 
Aeronautics. 

W.  R.  David,  G-E  engineer  since 
1919,  has  been  named  sales  man¬ 
ager  of  broadcast  equipment  for 
the  Transmitter  Division  of  the 
General  Electric  Co.-  Electronics 
Department. 

Les  Willyard  has  been  appointed 
chief  engineer  of  Universal  Micro¬ 
phone  Co. 


unlocAd  iAe  doer  ^ 


•  There’s  a  bright  tomorrow  on  the  way.  A  tomorrow  of  Peace  . .  .  and  progress. 


And  today  is  the  time  to  prepare  to  meet  its  challenge! 


•  For  with  Peace  will  come  the  call  for  new  developments,  new  devices  for  man’s 


betterment.  Many  are  now  in  the  making  .  .  .  many  more  will  come.  An  integral 


part  of  many  post-war  improvements  will  be  crystals,— perfect  crystals  such  as  we 


now  turn  out  in  huge  quantities  for  the  armed  forces. 


•  Your  plans  may  include  equipment  in  which  crystals  may  be  used.  Perhaps 


other  developments  of  our  engineers  may  be  just  the  thing  you’re  looking  for.  Call 
on  us.  We’ll  be  glad  to  work  with  you  on  any  problem. 


738  W.  BROADWAY,  COUNCIL  BLUFFS,  I A 


MANUFACTURERS  OF  PIEZO  ELECTRIC  CRYSTALS  AND  ASSOCIATED  EQUIPMENT 
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A  SMALL  RHEOSTAT  with  BIG  FEATURES 


The  fact  that  a  Rheostat  is  small,  in  no  way  dimin¬ 
ishes  the  importance  of  its  functioning. 

Word  Leonard  recognizes  this  and  has  produced 
their  4"  Plate  Type  Rheostat  with  all  the  desirable 
features  of  their  largest  equipment.  It  dissipates 
heat  from  both  sides.  The  contacts  are  solid  metal 
blocks  for  durability.  Action  is.  smoothness  itself. 
There  are  forty-three  steps  of  control. 


RHEOSTAT  BULLETINS 

Bulletins  are  available  describing  the  various 
Ward  Leonard  Rheostats.  The  line  is  complete 
including  from  the  small  ring  types  up  to  the 
heaviest  duty,  multiple  mounted,  power  driven 
units.  Write  for  data  bulletins  describing  the  type 
of  Rheostats  of  interest  to  you. 


RELAYS  •  RESISTORS  •  RHEOSTATS 


Electric  control 


devices  since  1892. 


WARD  LEONARD  ELECTRIC  COMPANY.  32  SOUTH  STREET.  MOUNT  VERNON.  NSW  YORK 
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m«S  TESTS  PBIHT  THE  mV 
FOR  POST-WAR  REDESIGN  WITH 
W/UKEH-TUHNEH 


Walker-Turner  Flexible  Shafting  has  thor¬ 
oughly  demonstrated  its  dependability  in 
aircraft  and  other  mechanical  weapons — 
where  requirements  are  especially  severe. 
When  the  war  emergency  arose,  this  shafting 
was  ready,  having  been  used  for  many  years 
in  Walker-Turner  Flexible  Shaft  Machines 
and  in  industrial  machinery  produced  by 
other  manufacturers.  Today,  in  the  redesign 
of  mechanical  products  for  post-war  use. 
engineers  ore  turning  more  ond  more  to 
Walker-Turner  Flexible  Shafting  os  a  solu¬ 
tion  to  problems  in  light  power  transmission 
and  remote  control.  Can  we  help  you? 

WALKER -TURNER  COMPANY.  INC. 

Ploinfield,  N.  J. . 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


A.  W.  Hill,  design  engineer,  has 
been  named  manager  of  Power 
Circuit  Breaker  Engineering  at  the 
Westinghouse  East  Pittsburgh 
Works. 

George  C.  Connor,  radio  field  en¬ 
gineer  with  Sylvania  Electric 
Products,  Inc.,  has  been  appointed 
manager  of  the  California  division 
of  the  company’s  equipment  tube 
sales. 

Lloyd  Long,  radio  engineer  and 
instructor  at  the  Oakland  Airport 
for  United  Airlines,  is  now  techni¬ 
cal  engineer  in  the  production  con¬ 
trol  laboratory  of  Universal  Mi¬ 
crophone  Co. 

R.  Morris  Pierce,  chief  engineer 
of  WGAR  for  thirteen  years,  has 
been  elected  vice-president  in 
charge  of  engineering  of  WJR,  De¬ 
troit,  WGAR,  Cleveland,  and 
KMPC,  Los  Angeles.  He  is  chief 
engineer  of  Psychological  War¬ 
fare  for  OWI  and  made  possible 
the  broadcast  of  surrender  terms 
to  the  Italian  navy.  Lloyd  Win- 
gard  will  serve  as  acting  chief  en¬ 
gineer  of  WGAR  until  Pierce  re¬ 
turns  from  overseas  and  a  succes¬ 
sor  is  named. 

Charles  Hubbard  Hill,  for  forty 
years  design  engineer  with  Gen¬ 
eral  Electric  Co.,  died  at  his  home 
in  Drexel  Hill,  Pa.  at  the  age  of 
seventy-four. 

Henry  J.  Hoffman,  engineer  and 
chairman  of  the  Electronics  Divi¬ 
sion  of  NEMA,  has  been  appointed 
sales  manager  of  the  Power  Tube 
Division  of  Machlett  Laboratories. 
Inc.  as  well  as  administrative  as¬ 
sistant  to  Miles  Pennybacker,  vice- 
president  of  the  company. 

Herbert  L.  Rawlins  has  become 
manager  of  the  Protective  Devices 
Engineering  Department  at  the 
Westinghouse  East  Pittsburgh 
Works. 

Robert  G.  Hoof  has  become  liai¬ 
son  engineer  in  the  Contract  Ad¬ 
ministration  Department  of  Pa¬ 
cific  Division  of  Bendix  Aviation 
Corp. 

Harry  K.  Werst,  partner  and 
former  staff  engineer  of  Booz, 
Allen  and  Hamilton,  has  been  ap¬ 
pointed  vice-president  in  ^charge 
j  of  manufacturing  of  Elastic  Stop 
j  Nut  Corp. 
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Field  telephones,  military  switch¬ 
boards.  electronic  devices,  aircraft  ignition 
systems — produced  to  Army-Navy  "E"  stand¬ 
ards  by  a  group  of  men  and  women  putting 
cm  average  of  15%  of  their  incomes  into  war 
bonds  and  proud  of  one  of  the  lowest 
percentages  of  absenteeism  in  the  nation,  r 


tch-  Civilian  communications  eqxiip- 

ion  ment,  industrial  control  instruments,  hospital 

md-  communicating  and  signalling  equipment, 

ing  and  precision  electrical  products  —  produced 
var  by  men  and  women  who  are  demonstrating 
their  ability  to  get  things  done  and  done 
right — earning  the  right  to  be  remembered. 
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.  Dr.  Walter  H.  Kohl  has  been  ap¬ 
pointed  chief  engineer  and  vice- 
president  of  Rogers  Radio  Tubes 
Ltd.  of  Toronto,  Canada. 


Quaker  City  Gears  Are  Rolling  with 
Our  Armed  Forces  on  All  Fronts 


Quaker  City  Gear  Works 

^  INCORPORATED 

1910-32  North  Front  Street,  Philadelphia,  Pennsylvania 


John  Harold  Ryan,  assistant  di¬ 
rector  of  Censorship  in  charge  of 
radio,  has  been  elected  president 
of  NAB  to  succeed  Neville  Miller 
when  his  term  of  office  expires  on 
June  30,  1944. 

Fred  D.  Williams,  past  president 
of  RMA,  has  succeeded  Ross  D. 
Siragusa  as  chairman  of  the  RMA 
Committee  on  Industry  Statistics. 
G.  W.  Kenyan,  chairman  of  the 
RMA  Transmitter  Division,  is  a 
new  member  of  the  statistics  com¬ 
mittee. 

W.  P.  Hilliard,  director  of  Sales 
and  Engineering  of  the  Radio  Di¬ 
vision  of  Bendix  Aviation  Corp. 
since  1936,  has  been  appointed 
general  manager  of  the  Radio  Di¬ 
vision,  succeeding  Hugh  Benet 
who  has  assumed  a  special  as¬ 
signment. 

J.  Kelly  Johnson  has  joined  the 
engineering  staff  of  Hammarlund 
Manufacturing  Co.  as  executive 
engineer  in  charge  of  all  engineer¬ 
ing  activities. 

R  L.  Anderson  has  been  ap¬ 
pointed  chief  engineer  of  Frank¬ 
lin  Transformer  Co.  of  Minneap¬ 
olis. 

Robert  C.  Gold,  held  engineer  in 
Photophone  theater  equipment  in 
stallation,  has  returned  to  RCA 
Service  Co.  headquarters  in  Cam 
den  after  spending  eight  months 
servicing  radio  and  electronic 
equipment  of  the  armed  forces  in 
North  Africa. 

Allan  R  Chapman,  RCA  Photo¬ 
phone  engineer  in  Texas,  is  in 
Europe  on  assignment  by  RCA  for 
installation  of  ship-borne  elec 
tronic  equipment,  in  cooperation 
with  the  U.  S.  Navy. 

E.  D.  Van  Dyne,  field  engineer 
for  RCA  Service  Co.,  has  been  ap 
pointed  a  group  leader  on  elec 
tronic  equipment  installation  at  a 
U.  S.  Navy  Yard  on  the  Atlantic 
Coast. 

Major  W.  P.  Saunders  is  on  duty 
in  the  Office  of  the  Chief  Signal 
Officer,  where  he  was  recently  pro 
moted  to  the  grade  of  Major  from 
1  Captain. 
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Of  course  you  can't  even  see  post  war  products 
yet  .  .  .  buf  when  they  get  here  we  know  they  are 
going  to  be  pretty  fine.  One  reason  is  that  the 
parts  in  them  will  be  better  due  to  the  precision 
techniques  learned  in  war. 

Rubber  parts  today  are  precision  made.  too.  Some 
of  them  we  make  must  be  accurate  to  a  thousandth 
of  an  inch  .  . .  and  stay  resilient  at  terrific  extremes 
of  temperature  and  pressure. 

Thousands  of  such  small  parts  moke  the  efficient, 
unbeatable  operation  of  America's  war  machines 
possible  ...  all  Johnson  Rubber  production  today 
is  for  Uncle  Sam. 

There  will  come  a  day,  though,  when  we  all  have 
to  think  about  transferring  the  boys'  names  from 


the  honor  roll  to  the  pay  roll,  and  getting  back  to 
our  regular  job  of  supplying  a  peacetime  market. 
To  meet  that  great  day  with  a  minimum  of  time 
waste  is  important  to  the  boys  coming  back  .  .  . 
and  important  to  you. 

Lay  your  plans  now.  Let  us  help  you.  Johnson  engi¬ 
neers  and  designers  can  help  you  solve  problems 
in  your  post  war  products  . . .  and  come  up  with  the 
right  answers  in  the  right  kind  of  rubber  in  the 

specific  part  you  need  .  .  .  _ 

and  this  precision  in  rubber 

perfected  in  wartime  will  Make  Rubber  Stocks 

serve  you  well  in  peacetime.  S  T  P  f  T  C  H 


We  will  be  ready  lo  supply  you  when 
the  time  comes  .  .  .  but  the  time  to 
think  about  it  and  plan  ahead  is  now 
.  .  .  not  then. 


STRETCH 

They  are  a  war¬ 
time  weapon! 


The  Johnson  rubber  Co.  .  MiddlefieU,  Ohii 

MOLDED  &  EXTRUDED  RUBBER  PARTS  FOR  INDUSTRY'S  VITAL  ASSEMBLIES 


Indispensable  in  War  —  Essential  in  Peace 
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Engineers  and  Technical  Men — 

Real  Opportunities  for  the  Future 
While  Promoting  the  War  Effort 


Here  are  positions,  not  for  the  duration  only,  but  offer- 
ins:  excellent  opportunity  for  permanent  advancement 
with  a  successful  and  growing  organization  for  those 
particularly  skilled  in  the  latest  electronic  techniques. 

Gilfillan  Bros.  Inc.  of  Los  Ansreles  offers  these  posi¬ 
tions  for  qualified  men: 

Electronic  and  radio  engineers  (both  transmitters  and 
receivers)  to  design  electronic  and  navigational 
equipment. 

Mechanical  Engineering  graduates  with  five  to  ten 
years’  experience  in  design  and  layout  of  light  me¬ 
chanical  devices  plus  shop  experience  or  equivalent. 

Men  of  engineering  grade  for  extensive  electronic 
production  and  field  test  operations. 

Technical  men  with  ability  to  write  technical  ma¬ 
terial  for  instruction  books  and  to  handle  compli¬ 
cated  parts  lists. 

These  positions  are  in  essential  war  work  and  avail¬ 
ability  certificates  are  required. 

Write  stating  qualifications,  experience  and  personal 
data. 

IMPORTANT — Interviews  for  successful  applicants  will 
be  conveniently  arranged. 


In  Reply— Refer  to:  Rill— CFW 

GILFILLAN  BROS.  INC. 

1815  VENICE  BLVD.  LOS  ANGELES  6,  CALIFORNIA 


Qadio  Business  News 

Brown  Instrument  Ck>.  is  con¬ 
ducting  an  instrument  maintenance 
and  repair  course  designed  to  meet 
the  requirements  of  customers  who 
send  students  to  the  school  to  re¬ 
ceive  continuous-balance  instrument 
instruction. 

Amperex  Electronic  Prodicts 
has  placed  a  second  plant  in  opera¬ 
tion  near  the  parent  plant  in  Brook¬ 
lyn,  N.  Y. 

Machlett  Laboratories,  Inc.  has 
opened  a  Power  Tube  Division  in 
Norwalk,  Conn. 

General  Electric  Co.  Electronics 
Department  is  conducting  a  thirty- 
day  course  in  electronics  for  Navy 
personnel  and  civilians. 

Western  Electric  Ck).  has  leased 
200,000  sq  ft  of  floor  space  in  two 
industrial  buildings  in  Lincoln, 
Neb. 

Precision  Paper  Tube  Co.,  maker 
of  dielectric  coil  bases,  has  quad¬ 
rupled  its  factory  space. 

Ken-Rad  Tube  &  Lamp  Ck)RP. 
made  cash  awards  to  28  employees 
for  suggestions  that  improved  pro¬ 
duction  and  efficiency. 

Bendix  Aviation  Corp.  has  opened 
an  office  in  the  Lincoln  Building, 
60  East  42nd  St.,  New  York  17,  N.  Y. 

Electro  Plastic  Processes  of 
2035  West  Charleston  St,  Chicago 
54,  Ill.  has  taken  over  the  new  proc¬ 
ess  of  metal  plating  on  plastics, 
glass,  etc.  developed  by  Precision 
Paper  Tube  CJo. 

North  American  Philips  Co.,  Inc. 
has  purchased  Philips  Metalix 
Corp.,  maker  of  x-ray  tubes  and 
equipment,  and  will  continue  oper¬ 
ation  as  the  Metalix  Division  of  the 
company. 

Allied  Control  Co.,  maker  of 
electrical  control  devices  and  fiber 
lock-nuts,  will  open  a  new  factory 
in  Chicago. 

American  Radio  Hardware  Co., 
Inc.  has  opened  a  new  plant  at 
Mount  Vernon,  N.  Y. 

International  Tel.  &  Tel.  Corp. 
has  appointed  four  new  vice-presi¬ 
dents  and  four  second  vice-presi¬ 
dents.  The  new  vice-presidents  are : 
H.  C.  Roemer,  vice-president  and 
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control  fluctuating  voltago  to 

•  Stabilize  at  any  load  within  •  Wid®  A.C.  input  voltog®  lim- 


Iheir  ratings. 

•  Hold  constant  varying  A.  C. 
input  vottag®  to  ± 

•  Quick  action  ...  fluctuating 
input  voltage  is  stabilized 
within  2  cycles.  Variations  can¬ 
not  be  observed  on  an  ordi¬ 
nary  volt  meter. 


its  ...  95  to  130  volts. 

Entirely  outomoHc  ...  no  mov¬ 
ing  parts  . . .  requires  no  main¬ 
tenance  .  .  .  connect  it  and 
forget  it. 


Bulletin  DL48*537  is  new 
for  your  copy. 
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comptroller  of  Federal  Tel.  &  Ra.lio 
Corp.,  affiliate  of  IT&T;  W.  H. 
Freng,  assistant  general  attorney, 
also  appointed  solicitor;  Charles  D. 
Hilles,  secretary  of  the  corpora¬ 
tion  ;  and  Francis  White,  vice-presi¬ 
dent  of  International  Standard 
Electric  Corp.,  another  IT&T  affil- 
iate. 

The  second  vice-presidents  ap¬ 
pointed  are  F.  F.  Davis,  H.  H.  Butt- 
ner,  vice-president  of  Federal  Tel. 
and  Radio  Corp.,  G.  A.  Ogilvie, 

I  Leonard  Jacob  II. 

I 

I  Wheeloo  Instruments  Company 
will  continue  at  the  same  location 
since  purchase  by  Fred  A.  Hansen 
and  Cary  H.  Stevenson,  vice-presi¬ 
dents  of  Lindberg  Engineering  Co. 
and  several  associates.  The  com¬ 
pany  will  expand  in  industrial  ap¬ 
plications  of  electronics  and  super- 
sonics. 

North  American  Philips  Co., 
Inc.  has  established  a  new  elec¬ 
tronics  research  laboratory  at  Irv¬ 
ington,  N.  Y.  and  appointed  Dr.  Ora 
Stanley  Duffendack,  professor  of 
physics  at  University  of  Michigan 
since  1922,  as  research  director.  He 
has  been  a  director  of  research 
with  NDRC  and  serves  as  chief  of 
one  of  its  sections. 

Universal  Microphone  Co.,  Ltd. 
has  become  Universal  Microphone 
Company. 

E.  I.  Du  Pont  de  Nemours  &  Co. 
is  building  a  plant  at  Towanda,  N. 
Y.  for  the  Patterson  Screen  Divi¬ 
sion  to  manufacture  phosphors  of 
the  type  previously  imported  from 
England. 

Zenith  Radionics  Corporation  of 
New  York  has  been  formed  as  a 
subsidiary  of  Zenith  Radio  Corp, 
with  offices  in  the  Empire  State 
Building.  Zenith  president  E.  F. 
McDonald,  Jr.,  will  also  head  this 
new  distributing  corporation,  and 
H.  J.  Wines  has  been  appointed 
general  manager.  Announcing  the 
new  set-up  at  a  press  conference  in 
New  York  in  March,  Zenith  vice- 
president  J.  J.  Nance  stated  that  a 
great  deal  of  post-war  planning  to¬ 
day  consists  of  figuring  out  how  to 
get  into  the  other  fellow’s  business. 
He  also  pointed  out  that  obsoles¬ 
cence  is  speeded  up  during  wartime, 
so  that  there  will  be  a  post-war  re¬ 
placement  market  of  30  to  40  per¬ 
cent  of  the  60,000,000  radio  re¬ 
ceivers  in  homes  today. 


Yes,  this  emblem  does  look  like  a  ca- 
duceus,  the  medical  symbol.  And  that’s 
quite  fitting — for  Sanborn  Company  has 
long  been  a  recognized  leader  in  the  med¬ 
ical  diagnostic  field. 


Notice  that  the  nucleus  of  the  design  is  the 
electron  tube  s3rmbol.  Around  and  below 
it  are  entwined  electronically  -  produced 
electrocardiograph  records,  representing  a 
worthwhile  background  for  our  present 
electronic  war  work. 


(The  wing-placed  charts  depict  the 
metabolism  branch  of  Sanborn’s  serv¬ 
ice  to  the  medical  profession.) 


The  gear  is  so  placed  in  the  design  to  in¬ 
dicate  a  close  affiliation  of  mechanical  with 
electronic  precision. 


Such  a  background,  coupled  with  our  pres¬ 
ent  electronic  accomplishments  and  our 
potentialities  are  reasons  why  you  might 
want  to  know  us  better. 


SANBORN  COMPANY 

MAKERS  OF  ELECTRONIC  INSTRUMENTS 

CAMBRIDGE  39,  MASS. 
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Hassall 


German  Radios 

{Continued  from  page  134) 
airplane,  by  inserting  a  test  plug 
in  a  jack  panel  provided  on  the 
front  of  both  receiver  and  trans¬ 
mitter.  A  complete  diagnosis  of 
any  unit  can  be  made  by  this 
means. 

Sannary  of  Feotaret 

German  design  for  this  particu¬ 
lar  equipment,  which  is  thought  to 
be  of  1935  construction,  features: 

Ease  of  operation. 

Simplicity  of  control. 

Serviceability. 

Ease  and  speed  of  repair  or  re¬ 
placement. 

Mass  production,  and 

General  utility.  (By  general 
utility,  we  mean  that  this  particu¬ 
lar  set,  due  to  its  construction, 
could  readily  be  used  on  shipboard, 
in  tanks  and  other  motorized  units.) 

(]letting  down  to  the  fine  points 
of  design,  the  FUG-16  features: 

Extensive  use  of  die  castings. 

Small  wire  sizes. 

Use  of  band  seals  in  place  of 
lock-washers. 

Fewer  values  of  resistors  and 
capacitors. 

Fewer  tube  types,  both  for  trans¬ 
mitter  and  receiver. 

Provision  for  obtaining  spot  fre¬ 
quencies.  . 

Provision  for  checking  the  trans¬ 
mitter  frequency  against  the  re¬ 
ceiver. 

O)lor-coded  screws  to  show  which 
screws  are  to  be  loosened  in  remov¬ 
ing  unit. 

Frequency-calibrated  dial  scales. 


Dimout 


Total  Blackout  V 

-This  GOTHARD  Shutter  Type 
PILOT  LIGHT 
is  available  Either  Way! 


Mod«l  #1114  Shattor  Typ*  Pilot  Lieht  provldM  rang*  el 
light  gradation  from  bright  light  thru  intormodioto  glows, 
to  a  — or  total  dark — ^within  M*  rotation  of  tho 

shuttor.  Proctical  for  such  vibration  applicotions  os  air¬ 
craft  ships,  tonks,  signal,  ole.  Mounts  iif  11/16**  holo — 
has  Vk**  lowol  and  may  bo  had  to  toko  oithor  long  or  round 
bulb.  Also  ovallablo  with  polorisod  Ions.  lowol  colors: 
rod.  groon,  ambor.  bluo.  opal  and  door.  Write  for  cotolog 
giving  complote  Informajton  on  this  and  a  wide  range  of 
othor  Gothord  Lights. 


MANUFACTURING  COMPANY 

1310  M.  NINTH  STREET  SPRINGFIELD,  ILL. 


Send  for  this 


MOBILE  MEGAPHONE 


Decimal  Equivalents.  Accurate  to  four  places.  Sig¬ 
naled  in  three  colors  for  maximum  speed  in  locating 
decimal  equivalent  of  fraction.  Saves  time  and  avoids 
errors.  Yours  at  no  cost  or  obligation.  Just  send  us 
your  name,  title  and  address. 

See  our  Catalog  in  Sweet’s  Pile  for  Product  Designers  ■■■■ 

JOHN  HASSALL,  INC.  W. 

SucIbSoW  la  CalG'FarBiaK  State*  ISSO 

150  Clay  Street  •  •  Brooklyn  22,  N.  Y.  H 


To  decrease  road  fatalities  in  London, 
pedestrians  are  directed  by  on  oiHow 
with  a  portable  electronic  megaphoot- 
This  unit  con  be  used  while  wolUss 
with  the  batteries  and  amplifier  in  th« 
carrying  cose 
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BmnlHtCK  BUSTERS 

( ^  Noaol  of  a  Sortos 


OTTLENECK 


Both  ends  of  fens  of  thousands  of  choke  coils 
had  to  be  solder-sealed.  Hand  soldering  was 
too  slow.  Machines  were  needed  to  do  the 
iob  at  the  rate  of  several  a  minute. 


OW  BROKEN 


■rom  a  Gilbert  toy  with  which  small  boys  cast 
egiments  of  tin  soldiers,  Sickles  production 
engineers  designed  a  device  that  would  do 
^he  job.  The  tin-soldier  mold  was  adapted  to 
^old  seals  on  both  ends  of  the  choke  coil, 
simultaneously.  The  electric  melting  pot  was 
used,  a  metering  valve  was  devised,  and  in  a 
few  days,  the  sealer  was  in  full  production. 
The  original  sealer  and  many  more  like  it  are 


American  ingenuity  like  this,  all  along  the  production 
front,  is  helping  to  speed  Victory.  Here  at  Sickles, 
there  are  many  examples  of  "bottleneck  busting”  that 
have  sent  intricate  condensers,  choke  coils,  other 
electronic  devices  speeding  to  communications  manu¬ 
facturers  who  needed  them  quickly. 

If  quality  and  speed  are  your  twin  needs,  specify 
Sickles  equipment.  . 

CHICOPEE,  MASSACHUSETTS 


IE  F.  W.  SICKLES  COMPANY 


Vecfro/9/c\Sj9ec/o/f/es 
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NEW  PRODUCTS 


unit  is  designed  for  use  in  studio 
recording,  playing  back  records, 
and  PA  uses.  It  is  compact  and 
comes  in  a  light  guage  metal  trunk 
which  measures  17  inches  wide,  18i 
inches  high,  11  inches  deep.  A 
boost  of  from  zero  to  20  db  is  avail¬ 
able  at  any  frequency  from  20  to 
100  cps,  and  from  4,000  to  10,000 
cps.  It  is  not  necessary  to  alter  the 
volume  or  gain  of  an  amplifier  in 
the  midst  of  a  recording  merely  be¬ 
cause  the  equalization  is  changed. 
Input  plugs  are  available  for  a 
microphone  of  50  or  250  ohms  im- 
pedance,-  for  two  crystal  pickups  of 
10,000  ohms  impedance,  and  for  a 
T  unbalanced  and  an  H  balanced 
500  ohm  impedance  for  radio  tuner 
or  line  from  an  external  mixer. 
Outputs  are  provided  for  two  re¬ 
corders  as  well  as  for  a  T  unbal¬ 
anced  and  an  H  balanced  500  ohm 
output  line. 

Maximum  undistorted  output  is 
12.51  watts  from  the  500  ohm  wind¬ 
ing  of  the  T  or  H  position  on  the 
output.  The  noise  level  below  zero 
level  of  0.006  watts  at  full  gain  of 
amplifier  with  bass  and  high  con¬ 
trols  off  is  — 22  db.  and  the  hum 
level  is  — 40  db.  The  microphone 
input  positions  have  a  gain  of  107 
db.  Both  pickup  positions  have  a 
gain  of  61  db,  and  both  line  input 
positions  a  gain  of  67  db.  If  the 
dynamic  pickups  are  used  the 
pickup  inputs  will  be  wired  for  50 
ohm  impedance  at  170  db.  gain. 

Fairchild  Camera  and  Instru¬ 
ment  Corp.,  475  Tenth  Ave.,  New 
York  18,  N.  Y. 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs 


uses  a  new  magnetic  cutter  head 
and  has  an  improved  low-pressure 
pickup  with  a  choice  of  crystal  or 
dynamic  type.  The  weight  of  the 
equipment  has  been  reduced  by  ap¬ 
proximately  70  pounds.  The  general 
vibration  level  has  been  reduced 
by  5  to  8  db. 

The  equipment  may  be  used 
either  indoors  or  outdoors  though 
it  is  designed  for  portable  field 
service. 

It  will  take  direct  lateral  record¬ 
ings  and  will  reproduce  sound  at 
speeds  of  78  rpm  or  33.3  rpm  and 
will  play  back  discs  up  to  16  inches. 
Cables  and  plugs  provide  instan¬ 
taneous  hookup  to  an  amplifier  to 
enable  recording  or  playback.  The 
recording  mechanism  can  select 


Dim-Out  and  Black-Out 
Pilot  Lights 

Pilot  lights  are  available  either 
as  dim-out  lights  or  as  complete 
black-out  lights.  The  lights  employ 
two  discs,  each  of  which  has  3 
holes.  When  the  discs  are  aligned 
so  that  the  3  holes  in  each  disc  is 
opposite  each  other,  the  pilot  light 
produces  a  bright  light.  As  the 
discs  are  rotated  90  deg,  the  grad¬ 


ual  misalignmnt  of  the  holes  slowly 
reduces  the  brilliance  of  the  light 
until  it  finally  reaches  a  total 
black-out.  If  a  dim  glow  is  desired 
instead  of  a  total  black-out,  a 
fourth  hole  is  provided  in  the  center 
of  each  disc.  This  fourth  hole  al¬ 
ways  allows  a  small  amount  of  light 
to  seep  through. 

Gothard  variable  intensity  lights 
are  also  available  with  polarized 
lenses. 

Gothard  Pilot  Light  Co.,  1300 
North  9th  St.,  Springfield,  Ill. 


Electron  Microscope  ( 

Capacitor 

This  0.01  mfd,  40,000  volt  d-c  ca¬ 
pacitor  was  built  for  a  special  ap¬ 
plication  of  the  electron  microscope. 
It  is  capable  of  continuous  opera¬ 
tion  at  80  [deg  C  and  of  withstand¬ 
ing  total  submersion  and  heavy 
surges.  The  case  is  welded  steel 
measuring  4H  x  61  x  7  inches.  The 
case  has  a  stand-off  insulator 
(Westinghouse  Solder  Seal  type) 
which  is  soldered  directly  to  the 
case,  eliminating  the  possibility  of 
oil  leakage  or  the  entrance  of  mois¬ 
ture. 

Industrial  Specialty  Co.,  1726  W. 
North  Ave.,  Chicago  22,  Ill. 


four  cutting  pitches  (either  from 
the  inside  of  the  record  to  the  out¬ 
side  or  from  the  outside  in)  with¬ 
out  the  necessity  of  changing  feed 
screws.  A  push  rod  on  the  center 
pivot  of  the  turntable  is  used  to 
change  the  speed  of  the  turntable 
from  78  rpm  or  33.3  rpm.  The  re¬ 
corder  is  equipped  with  110-120 
volt,  60  cps,  synchronous  motor 
which  is  dynamically  balanced.  The 
equipment  itself  is  supplied  for  op¬ 
eration  on  115  volts,  60  cps. 

Lower  hum  and  noise  level  are 
the  main  improvements  made  in 
the  amplifier-equalizer  unit.  This 


Portable  Sound 
Recording  Devices 

A  RECORDER  AND  PLAYBACK  unit  and 
an  amplifier-equalizer  are  two  de¬ 
vices  which  have  been  improved 
over  pre-war  models  and  which  will 
be  available  from  the  manufacturer 
in  the  very  near  future.  The  first 
of  these  devices  is  a  recorder  which 
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the  Federat  Ballot  tor  Soldiersz 

cooptratp  with  every  phase  of  the  war  program.  We  are  also 
conscious  of  another  responsibility  to  our  soldiers,  that  is,  the  preservation  of  their 
rights.  As  this  is^^inp  written,  legislation  permitting  soldiers  to  vole  is  under  con¬ 
sideration.  The  Federal  Ballot  is  unconstitutional,  it  violates  states’  rights — so  some 
men  say.  To  us,  the  argument  for  the  Federal  Ballot  is  quite  clear.  If  the  government 
has  the  power  to  go  into  any  state  and  select  a  man  for  service,  then  it  should  have 
the  equal  power-  to  make  certain  that  he  can  take  advantage  of  his  constitutional  right 
to  vote— in  the  easiest  possible  manner.  Bark  the  President,  the  Wat'  Department  and 
who  support  the  Federal  Ballot.  There  is  no  red  taj)e  wrapped  around  a 
It  should  not  be  wrapped  around  a  ballot. 


ELECTRONIC  CORP.  OF  AMERICA 

45  WEST  18th  STREET  •  NEW  YORK  II.N.Y.  WATKINS  9-1870 
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Geared  to  exacting  laboratory  standards 


One  phase,  of  our  production  which  graph¬ 
ically  illustrates  the  nature  of  EGA  standards 
is  this  warplane  testing  device.  For  obvious 
reasons,  much  about  its  actual  function  must 
remain  unsaid.  However,  we  can  reveal  that 
it  is  used  in  the  checking  of  planes  before  they 
leave  the  ground.  The  mechanism  of  this 
instrument  is  unusually  delicate.  Skill  and 
understanding  are  necessary  to  fashion  the 
countless  wires  and  components  into  a  har¬ 
monious  working  unit.  Here,  as  in  all  EGA 
work,  our  experiences  in  the  manufacture  of 
specialized  radio  and  electronic  test  equip¬ 
ment  serve  to  good  advantage. 


Transmission  Line  Calculator 


fot  •  intwmoticn  on  out  Sfandord  Navy  and  tdoti- 
ilm»  fiftlngt  consufi  Graybar  Blacfric  Company, 


, ,  7-H  aKINS  ST..  SO.  BOSTON  27.  MASS. 

35  YEAH5  OF  ELASTIC  MOLDING  EXFiRIENCS 


MEMBEB  or  THE  SOCIETY  OF  THE  PLASTIC  INDUSTRY 


In  the  JANUARY  1944  issue  cf 
Electronics  there  appeared  ‘  an 
article  and  a  cut-out  form  of  an 
improved  transmission  line  calcula¬ 
tor  which  was  an  extension  of  the 


“calculator"  originally  published  in 
the  January  1939  issue  of  Elec¬ 
tronics  and  for  which  many  re¬ 
quests  have  been  received.  Now 
this  new  and  improved  calculator 
from  February  issue  is  available 
separately  as  a  chart.  It  is  avail¬ 
able  for  $5,00  from  The  Emeloid 
Co.,  Inc.,  Arlington,  N.  J. 

Hermetically  Seal^ 
Transformer 


CRBinETS 


CHRSSIS 


PflnELS 


RRCKS 


Though  manufactured  by  modern  high-speed  methods. 
Par-Metal  products  have  a  definite  quality  of 
craftsmanship  —  that  hand-made'  quality  which  is 
born  of  years  of  specialization. 


rAn  '•roduct. 

iZr-uL^  CORPORATION 

LONG  ISLAND  CITY.  N.  Y. 


32-62  — 49th  STREET 


Type  S  is  an  addition  to  the  manu¬ 
facturer’s  line  of  transformers 
which  utilize  the  “Vac-sealing”  im- 


Senring  the 


Exc^uaively 


pregnation  process  to  insure  im¬ 
pregnation.  It  has  a  case  of  cold 
drawn  copper  cadmium  plated  sted 
to  insure  ruggedness.  The  term¬ 
inal  of  the  unit  is  molded  into  a 
plastic  block  which  has  a  metal 
flange  molded  into  its  periphery. 
This  flange  is  then  soldered  into 
the  case.  The  manufacturer  states 
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Synflex  Compounds  as  developed  in  our  own  laboratories  are  produced  only  in  the  form  of 
rods,  tubes,  shapes,  tapes  and  elastics.  These  distinguished  materials  meet  and  surpass  the  ' 
most  exacting  requirements  of  the  electrical  and  aviation  industries.  Many  formulations  are 
available,  each  for  a  specific  job. 

Synflex  FT  10  is  used  for  the  lowest  temperature  applications,  retaining  its  flexibility  to 
—85  F.  *  '  Synflex  FT  11,  a  transparent  material,  is  effective  in  a  wide  range  of  working 
temperatures  from  —60  F.  to  188  F.  *  *  Synflex  FT  22  has  a  high  dielectric  strength  and  for 
many  applications  supplants  varnished  tubing  and  sleeving. 

Synflex  rubber-like  Tubings  are  in  continuous  lengths  from  B.  &  S.  -24  (.021  I.D.)  to  2.000" 
I.D.'  Special  sizes  and  shapes  upon  request. 

Inquiries  invited.  We  will  gladly  submit  complete  test  methods,  data  and  samples. 


60  wooLSi  Y  s  rRi;i:T,  ikying  row 


OKPOR  .\ TION 
MAX'  jl-RSrV 


V.  8.  Armit'*  Beavn  $i-ton  tamk 


WHILE  it  would  be  a  mistake  to  put 
aside  important  war  work,  yet 
even  as  with  the  governments  of  our 
country  and  our  allies,  it  is  necessary 
NOW  to  spend  some  time  on  post-war 
plans  and  products.  Industry  must  be 
ready  when  the  time  comes  to  ad>sorh 
millions  of  our  returning  heroes. 

What  is  the  sums  of  YOUR  post-war 
plans?  ARE  YOU  READY  .  .  .  will  you 


be  among  the  first  to  hit  the  market  be¬ 
tween  the  eyes  with  a  produa  that  fits 
the  fumre?  Will  YOU  survive  the  men/ 
competition  in  yo«r  field,  created  by  re- 
conversimi  of  vast  war  plants  to  produc¬ 
ing  the  products  of  peace. 

Sinko  plastic  engineers  are  eminently 
fitted  with  ingenuity,  skill  and  long  ex¬ 
perience  to  lend  you  effective  aid  in 
applying  all  the  beauty,  color  and 
strength  of  economical  THERMOPLAS¬ 
TICS  to  your  products.  Let  them  smdy 
your  post-war  plans  .  . .  help  you  NOW 
through  the  drawing  board  stage.  Be 
ready  to  act  quickly  ...  to  get  the  jump 
on  competition  the  moment  we  get  the 
signal  to  GO  AHEAD! 


this  new  construction  offers  great 
flexibility  in  number  and  arrange 
ments  of  terminals. 

Peerless  Electrical  Products  Co., 
6920  McKinley  Ave.,  Los  Angeles 
1,  Cal. 

Miniatui^  Tube  Sockets 

Two  TYPES  OF  MINIATURE  tube  Sock¬ 
ets  (designed  and  developed  at  the 
Signal  Corps  Laboratories)  incor¬ 
porate  “Micro-Processed”  beryllium 
copper  contacts  which  assure  con¬ 
stant,  even  pressure  on  all  parts  of 
the  socket  pin  without  fatigue  in 
the  contacts  after  continuous  use. 
The  two  types  include  (1)  a  low- 
loss  type  with  Navy  Grade  G  Steat¬ 
ite  Casting  having  loss  factor  of 
0.016  or  less  when  tested  in  accord¬ 


ance  with  ASTM  D  150-42T.  Its 
capacity  is  1.6  mmf  or  less  at  10 
Me.  The  second  type  is  a  general 
purpose  tjrpe  with  mica  filled  plastic 
casting  having  a  loss  factor  of  0.05 
or  less  when  tested  in  accordance 
with  the  ASTM  standard  men¬ 
tioned  previously.  Its  capacity  is 
5  mmf  or  less  at  10  Me.  The  sockets 
will  withstand  humidity  cycle;  im¬ 
mersion  ;  shock ;  vibration ;  and 
thermal  shock. 

Hugh  H.  Eby,  Inc.,  18  W.  Chelten 
Ave.,  Philadelphia  44,  Pa. 

Flow  Rate  Alarm 

A  NEW  FLOW  RATE  METER  may  be 
used  by  broadcast  stations  for  pro¬ 
tecting  transmitter  tubes  against 
cooling  water  failure,  or  the  meter 
may  be  used  in  other  applications 
as  a  means  of  visible  and  audible 
protection  against  dangerously  low 
or  high  flows  of  liquids  and  gases. 
This  alarm  is  known  as  Rota-Sight 
Flow  Rate  Alarm.  It  operates 
through  a  float  which  moves  up  and 
down  a  pyrex  tube  into  which  tri- 
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HARVEY 


HARVEY  RADIO  LABORATORIES,  INC 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASSACHUSETTS 


get 


THIS! 


Reading  time  only  two  minutes,  yet 
this  boiled'down  bulletin  on  the  HARVEY 
Regulated  Power  Supply  gives  you  all 
the  answers  on  a  dependable  source  of 
D.  C.  power.  You’ll  want  it  for  reference 
whether  or  not  you  have  immediate  use 


for  a  controlled  power  supply. 

It’s  yours  for  the  asking.  Just  jot  down 
your  name,  position  and  company  ad¬ 
dress  and  say,  “Send  me  the  bulletin  on 
the  HARVEY  Regulated  Power  Supply.’’ 

ITr/Vr  to 


HEXAGON  ELECTRIC 
SOLDERING  IRONS 


angrular  flutes  have  been  fashioned. 
As  the  float  rises,  the  area  within 
the  flutes  increases,  causing  the 
float  to  assume  a  position  in  the 
tube  in  direct  proportion  to  the 
flow  rate.  A  magnetic  extension  on 
the  float  trips  an  external  switch  to 
operate  the  alarm  circuit.  The 
alarm  flow  point  is  adjustable  over 
the  entire  flow  range  and  operates 
accurately  at  the  set  position.  It  is 
built  in  sizes  up  to  inches  and 
may  be  obtained  in  any  corrosion- 
resistant  metal  that  can  be  cast. 

Bulletin  92-B  with  full  descrip¬ 
tion  is  available  from  the  manufac¬ 
turer,  Fischer  &  Porter  Co.,  9111 
County  Line  Road,  Hatboro,  Pa. 


Position  open  for 
engineer  who 
desires  full 


PATENT  PENDING 


NEWITHEHEXACON 
HATCHET  TYPE  IRON 


Amplifier 

Type  101-A  amplifier  has  as  its 
outstanding  virtue  good  low-fre¬ 
quency  wave  form  at  high  output 
levels.  The  volume  range  (inher¬ 
ent  noise  level)  is  rated  68  db  un¬ 
weighted  below  full  output  of  +47 
vu  at  2  percent  rms  harmonic  dis¬ 
tortion.  With  the  input  impedance 


opportunity  to 
develop  own 
ideas  on  very 
interesting  new 
project. 

Necessary 
qualifications: 
originality,  sound 
knowledge  of 
fundamentals,  and 


Expressly  designed  for 
the  multitude  of  com- 
plex  and  tedious  solder¬ 
ing  requirements,  the  HEXAGON  Hatchet 
Type  soldering  iron  has  found  extensive 
use  because  of  its  extreme  ease  of  ma¬ 
nipulation. 

Perfect  balancing — permits  long  opera¬ 
tion  with  minimum  of  fatigue.  As  with  all 
HEXAGON  units,  the  Hatchet  type  is  rug¬ 
gedly  constructed,  and  is  tested  for  twice 
the  intensity  required  by  the  Underwriters* 
laboratories,  ossuring  greater-than-aver- 
oge  service  life  with  economy  and  efficiency. 
Operates  on  AG  or  DG  of  any  cycle,  and 
is  available  in  voltage  ranges  from  32 
to  250  volts.  Equipped  with 
replaceoble  elements,  and  all  ~2 
other  features  of  HEXAGON  rGmim 

Plug  Tip  Irons. 

WRITE  POR  LITERATURE 

Descriptive  beMetins,  describine  BUi 
the  complete  line  of  HEXACON 
electric  solderine  irons,  will  be  ' 

sent  on  request. 


of  600  ohms,  the  gain  is  60  db. 
Using  bridging  input,  the  gain  is 
46  db.  Output  impedance  is  ad¬ 
justable  1  to  1000  ohms.  Gain  ver¬ 
sus  frequency  and  power  output 
versus  frequency  characteristics 
are  available  upon  request  from  the 
manufacturer.  The  Langevin  Co., 
Inc.,  37  West  65th  St.,  New  York 
23,  N.  Y. 


experience  in 
electronic 
motor  design. 
Salary  open. 


Winding-Insulation  Tester 

A  NEW  ELECTRONIC  winding-insula- 
tion  tester  for  production-line  test¬ 
ing  of  faulty  insulation  and  wind¬ 
ing  dissymmetries  in  motors,  gen¬ 
erators,  coils,  and  transformers 
employs  the  principle  of  balance 
and  comparison.  The  instrument 
simultaneously  tests  tum-to-tum. 


HEXACON  EUCTRIC  COMPANY 

130  W.  CLAY  AVE..  ROSELLE  PARK,  N.  J. 
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Several  thousand  transmitting  mica  capacitors 
were  needed  for  an  imperative  wartime  function 

Micamold  engineers  analyzed  the  specifications 
of  the  mica  condenser.  They  found  that  a  simi¬ 
lar  type  could  be  built— without  using  strategic 
and  costly  mica.  This  Micamold  Paper  Capacitor 
is  the  result. 


The  Mtcamold-created  Paper  is  mechanically  interchangeable  with  its 

mica  counterpart . .  .  and  serves  its  purpose  in  the  particular  application  for  which  it  was  designed. 
Thousands  of  pounds  of  precious  mica  were  saved  and  produaion  costs  were  greatly  lowered. 


IF  YOU  HAVE  A  CONDENSER  DESIGN  PROBLEM,  CALL  ON  MICAMOLD 


Micamold  is  equipped  to  help  you  with  your  capacitor  problems  and  to  manufacture  a  wide  variety  of  standard 
or  special  types  to  suit  your  requirements.  Collaboration  between  projea  engineers  and  our  own  staflF  has 
broken  many  a  "bottleneck”  We  would  like  to  work  with  you  on  present  or  postwar  projeas. 


m?  BUYING  MORE  WAR  BONDS 


SCREW  MACHINE  PRODUCTS  CO.,  INC 


25  LAFAYETTE  STREET.  RROOKLYN  1.M  Y 


coil-to-coil,  and  coil-to-ground  in¬ 
sulation.  It  simulates  qualitatively 
such  procedures  as  resistance,  im- 
pedance-balance,  turn-balance,  and 
complete  high-potential  tests  with 
one 


Interphone  Equipment 

and  Component  Parts 


voltage  application.  It  also 
tests  the  completed  windings  of 
three-phase,  low-voltage  rotating 
machines,  and  is  capable  of  testing 
the  windings  of  single-phase,  two- 
phase,  and  d-c  motors  and  trans¬ 
formers  whose  insulation  is  not  de¬ 
signed  to  withstand  more  than 
10  kv. 


MOW  IM  nODUaiOM 

CD-318-A  JK-48  PL-68 

CD.307.A  Pl-47  "A"  Plug 

CD-874  PL-54  BC-366 

JK-26  PL-55  BC-347-C 

PE-86  SW-141 

JB.47  TD-3 


The  tester  consists  of  a  repeat- 
ing-t3T)e,  surge-voltage  generator, 
a  cathode-ray  oscilloscope,  and  a 
synchronously 


RADIO  AND  TELEVISION  CORPORATION 

'1030  W.  VAN  BUREN  ST.,  CHICAGO  7,  ILL. 


driven  switching 
equipment — all  enclosed  in  one  steel 
cabinet  especially,  designed  for 
bench  mounting.  The  oscilloscope 
is  mounted  at  eye-level  height, 


General  Electric  Co.,  Special 
Products  Div.,  Schenectady,  N.  Y. 


Salt,  from 
dous  appi 
them  awa; 
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and  electri 
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subjected 


Multi-Circuit  Switch 

MULTI-CIRCUIT  switch 


This  new 
weighs  three  ounces  and  comes  in 
a  sturdy  frame  which  is  molded  of 
high-impact  phenolic  which  con-: 
forms  to  Navy  specifications. 
Knurled  inserts  with  full  i-inch| 
depth  of  thread  are  provided  (on 
8  X  li  inches  centers)  and  aii 
locked  in  place  so  they  cannot  twistj 
or  pull  out.  Coin  silver  conts't - 
carry  10  amps  a.c.,  or  2  amps  d  '  | 
current,  at  116  volts.  The  contra  t  . 
may  be  ganged  in  any  desired  nuir.  i 
ber  and  combination  or  they  may  b- 
used  for  locking  or  spring-return 
in  either  lever  position. 

Bulletin  A-422  gives  complete  in 
formation  and  is  available  fror 
Metallic  Arts  Co.,  243  BroadwayJ 
Cambridge,  Mass. 


•After  Victory 


You’ll  Broil  Your  Steaks  by  Radio 


fraction  of  their  cost  a  generation  ago. 

New  millions  w  ill  share.  After  Victory, 
in  these  advancements,  the  production 
of  which  will  provide  comfort  and  secur¬ 
ity  for  the  millions  now  working  and 
fighting  for  that  better  tomorrow. 


SIMPLE  as  a  waffle-iron,  easy  as  tuning 
in  your  favorite  radio  station,  your 
steak -broiler  of  tomorrow  w  ill  use  short 
wave  radio  waves  to  give  you  as  succu¬ 
lent  a  dish  as  you’ve  ever  lasted. 

Tint  this  radio-steak -broiler,  like 
countless  other  precision  products 
]>lanned  for  the  future,  will  depend  on 
parts  of  exacting  precision. 

With  the  techniques  we  have  de¬ 
veloped  in  the  last  30  years,  plus  the 
new  skills  war  has  taught  us,  w  e  can  now 
mass-produce  close-tolerance  parts  at  a 


a  few  of  the  many 
thousand*  of  our  precisinn- 
made  parts  that  are  help- 
i  ng  bring  Victory  closer, 
and  which  will  help  mould 
our  world  of  tomorrow. 


Lst’s  all  back  tbs  attack  •  Buy  Extra  War  Bonds 


ELECTRONiCi 


electron 


how  to  photograph  salt  eatmg  its  dinner 


Salt,  from  the  sea  and  air,  has  a  tremen* 
dous  appetite  for  many  metals — eating 
them  away  unless  they’re  protected.  The 
exact  effect  of  its  gluttony  and  the  suc¬ 
cess  of  the  means  used  in  preventing  this 
costly  damage  are  measured  accurately 
by  Utah’s  salt-spray  test.  One  of  the 
stages  in  Utah’s  complete  circuit  of  radio 
and  electronic  tests. 

Immediately  after  the  parts  have  been 
subjected  to  the  salt  spray,  microphoto- 


As  a  result  of  this  and  other  Utah 
tests,  efficient  performance  of  Utah  parts 
is  assured  under  any  and  all  conditions 
normally  encountered  —  the  failures 
due  to  inadequate,  inaccurate  testing 
are  avoided.  ★  ★  ★ 

Every  Product  Made  for  the  Trade,  by 
Utah,  Is  Thoroughly  Tested  and  Approved 


graphs  are  taken  and  developed  in  the 
especially  equipped  Utah  dark  room. 
Thus,  it  is  possible  to  make  a  microscopic 
inspection  of  the  actual  condition  of  the 
metal  before  other  atmospheric  changes 
take  effect.  Since  metal  surfaces  exposed 
to  salt -spray  tests  change  rapidly  after 
tests  are  completed^  it  is  necessary  and 
possible,  by  this  photographic  method, 
to  determine  and  accurately  record  cor¬ 
rosion  in  metals.  ,, 


Rodio  Products  Company, 
837  Orleans  Street,  Chicago  10,  Illinois 


#o 

'^»>*Wound  cc 
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plug,. 
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IF  YOU  *i^ 

weasore  ew  V 

TO  A 

GNAT’S 

eyebrow 


AIRCRAFT  &  DIESEL 
EQUIPMENT  CORPORATION 


4401  North  Ravenswood  Avenu* 
CHICAGO  40,  ILLINOIS 


Your  Partners  in  Production 


Induction-Heating  Machine 

This  compact  induction  motor 
generator  unit  is  designated  as 
“Tocco  Junior”  and  is  a  15  kw  out¬ 
put,  9600  cps  high-frequency  unit 
useful  for  a  wide-range  of  heat 
treating  applications  such  as  braz¬ 
ing,  annealing,  heat-treating  and 
surface  hardening  of  small  and 
medium-sized  parts.  The  gener¬ 
ator  is  driven  by  a  25  hp,  3  phase, 
229-440  volt  motor.  Capacitors  for 
power  factor  correction  are  an  in¬ 
tegral  part  of  the  unit.  Controls 
and  four  high-frequency  instru- 


SERVICE/>g^ 

Nation  needed 


Tyr*' 

HiturSHtHM 


SET  TO  GO,  but  held  by  a 

brake.  Goods  ready  to  move  faster 
and  surer,  but  no  adequate  way  to 
do  it.  That  was  America’s  busi¬ 
ness  situation  in  1839.  William 
Hamden  had  the  idea  for  a  rail¬ 
way  express  service.  “I’ll  carry 
your  goods  for  you,”  he  adver¬ 
tised  to  Boston  and  New  York. 
And  he  did,  at  passenger  speed  in 
a  wooden  car  between  Boston  and 
Providence  which  was  where  the 
railroad  ended;  and  between  there 
and  New  York  by  steamboat.  That 
was  the  transportation  service  idea 
people  and  business  needed.  And 
as  the  idea  grew,  it  helped  broaden 
our  young  nation,  unite  its  spread¬ 
ing  frontiers  and  hasten  its  growth 
and  development. 

Today,  105  years  later,  Railway 
Express  is  performing  by  land, 
water  and  air  the  same  basic  per¬ 
sonalized  express  service.  The 
goods  it  carries  now  are  mostly 
war  materiel.  In  peacetime,  they 
will  again  encompass  every'  con¬ 
ceivable  personal  item  as  well  as 
the  products  of  industry. 

You,  as  a  shipper,  can  help  us 
carry  our  share  of  America’s  war¬ 
time  transportation  load  and 
servo  you  better  by  doing  two 
simple  things.  Pack  your  ship¬ 
ments  securely  .  .  .  address  them 
clearly.  Our  century  of  experi-  , 
ence  proves  that  “a  shipment 
started  right  is  half-way  there!” 


merits  (voltmeter,  ammeter,  watt¬ 
meter  and  var-meter)  are  mounted 
on  the  front  of  the  machine.  Timers 
are  provided  for  establishing  the 
heating  or  hardening  cycles.  Field 
control  is  obtained  through  use  of 
a  variable  voltage  transformer  op¬ 
erating  in  connection  with  selen¬ 
ium  rectifiers  for  obtaining  field 
excitation.  Inductors  for  brazing 
are  designed  to  treat  more  than  one 
size  of  tip.  These  coils  are  sturdy, 
shock  resistant  and  water  cooled. 
The  unit  measures  43  x  32  x  51 
inches  and  can  be  easily  fitted  into 
a  production  line. 

Other  9600  cps  Tocco  Junior  mod¬ 
els  available  come  in  ratings  of 
from  7i  to  125  kw  ratings,  and  200 
kw  at  3000  cps. 

The  Ohio  Crankshaft  Co.,  3300 
Harvard  Ave.,  Cleveland  1,  Ohio. 


FOR  YOUR  POST-WAR 
PRECISION  PARTS 


A  VARI 

Compan 
painstak 
accurac) 
ment.  • 
country, 
sibility  c 
bring  a 
fronts,  h 


Adeco  offers  you  a  depend¬ 
able  source  of  supply  with 
the  know-how,  experience 
and  complete  facilities  for 
all  types  of  close-tolerance 
production.  It  will  pay  you 
to  include  Adeco  fabrica¬ 
tion  in  your  post-war 


UMLEI 


Tubular  Steel  Telescopic 
Radio  Mast 

A  TELESCOPIC  90-foot  radio  mast, 
designated  as  “Harco”  Speed  King, 
is  designed  to  withstand  a  wind 
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SINCE  1918 

^nnouncin^  &  Communication  Cij^uipment 


worker  rameving  thraadad  aar 
piacai  for  talaphona  hand  sat  from 
plastic  molding  prass. 


A  VARIETY  OF  TASKS  in  all  departments  of  the  Remler 
Company  are  performed  by  women.  Their  dexterity  and 
painstaking  attention  to  detail  contribute  to  the  precision 
accuracy  of  Remler  components  and  communication  equip¬ 
ment.  •  Like  their  sister  workers  in  factories  all  over  the 
country,  many  of  these  Remler  women  also  have  the  respon¬ 
sibility  of  managing  a  household.  To  this  double  task  they 
bring  a  devotion  worthy  of  their  menfolks  in  the  fighting 
fronts.  Hats  off  to  the  women  of  America ! 


San  Fiancisco,  10,  Calif. 


OTHER  DESIGNS  TO  ORDER 
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MOTHER'S  ON  THE 
PLASTIC  FRONT 


^tlVAN 


JY  «lOUISl 

NO  SMOKING 

Pf«^SE  DROP 


RIII/ri 


:i/irt«i»{& 


^^NINg~ 

"''Ll  NOT  OPE 

^-SWITCHES 


“  \  /  turret 

dONoT^^SS  SAP 

.’iVRnV^  - - 


SAVE  TIME,  WEIGHT,  METAL, 
MONEY  AND  LABOR  WITH 


Meyercord  Decals  are  serving  the  war  effort  in  a  thousand 
different  ways  .  .  .  saving  metal  .  .  .  money . . .  weight . . . 
and  man-power.  Decal  nameplates,  instructions,  inspec¬ 
tion  data,  serial  numbers,  dial  faces,  insignia,  etc.,  are  used 
on  tanks,  combat  and  merchant  ships,  planes  and  commun¬ 
ication  equipment.  They’re  durable,  washable,  and  can 
be  reproduced  in  any  color,  size  or  design.  No  screws, 
bolts  or  rivets  required  for  application.  No  sharp  edges. 
Meyercord  Decals  can  be  applied  to  flat  convex  or  con¬ 
cave  surfaces . . .  for  interior  or  exterior  use ...  on  metal, 
wood,  fabric,  rubber. .  .even  CRINKLED  METAL!  Special 
mar-proof  Decals  are  resistant  to  temperature  extremes, 
fumes, abrasion, vibration.  Free  designingand  technical 
service.  For  complete  information  address  Dept.  *-4. 


World’s  Loading  Docalcomooia  Mamufatturor 

5323  West  Lake  Street  *  Chicago  44,  Illinois 
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DRAKE  MANUFACTURING  CO 


1713  WEST  HUBBARD  ST.,  CHICAGO  22,  U.S.A 


pressure  of  125  miles  an  hour.  It 
can  be  erected  from  ground  anchors 
to  top  cross-arm  in  approximately 
one  hour  without  the  aid  of  trained 
riggers.  The  mast  is  also  available 
in  heights  from  26  feet  up  to  200 
feet  Is  is  completely  self-con¬ 
tained,  portable,  and  light  weight 
and  is  suitable  for  erection  on 
buildings,  as  well  as  on  the  ground. 


You  don't  neod  tools  to  rrplMoe  the  lamp 
In  this  new  DRAKE  No.  8S  Jewel  Ucht 
Assembly.  For  the  Jewel  holder  or  besel 
ran  be  removed  and  replared  with  the  An¬ 
vers.  A  simple  lorkinc  device  makes  the 
unit  vibration  and  shock-proof.  3  fibre 
washers  compensate  for  various  panel 
thicknesses.  Washers  can  be  eliminated  on 
panels,  thereby  making  the  lamp  as 
accessible  as  when  the  unit  Is  used  on  1/16" 
panels.  Other  Mr  features  are:  1.  Complete, 
uniform  illumination  over  the  entire  Jewel 
area;  2.  Complete  blackout,  not  a  pinpoint 
of  li(ht  showlnc.  A  simple,  easy  quarter 
turn  to  left  and  rifht  produces  these 
chances.  Our  newest  rataloc  Is  Just  off  the 
press! 


It  may  be  used  as  a  single  unit  or 
two  or  more  masts  may  be  set  up 
as  a  multiple  unit  for  various  types 
of  antennas.  Insulators  may  be 
placed  at  any  connection  joint  or  at 
the  base.  The  addition  of  smaD 
auxiliary  connectors  make  the  mast 
suitable  for  use  as  a  vertical  radi¬ 
ator. 

Basic  in  the  design  is  the  use  of 
light-weight  steel  tubing.  Con¬ 
necting  the  section  is  accomplished 
by  the  use  of  tapered  bars  and 
wedges.  The  smallest  section  of  the 
90-foot  mast  measures  3i  inch  in 
diameter,  and  the  sections  increase 
to  inches  in  the  center.  The  unit 
(complete  with  cross-arm  of  ap¬ 
proximately  8  feet)  weighs  750 
pounds. 

Harco  Steel  Construction  Co., 
1180  E.  Broad  St.,  Elizabeth,  N.  J. 


ENAMELED 

MAGNET 

WIRE 


A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  manu¬ 
facture,  that  meets  the  most  rigid  re¬ 
quirements  of  radio  and  ignition  coils. 
A  new  coating  method  gives  a  smooth, 
permanently  -  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensile 
strength  assure  perfect  laying,  even  at 
high  winding  speeds.  If  you  want  re¬ 
duction  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire 
product  is  the  answer. 


Transmitting  Triode  Tubes 

These  two  new  high-power  tri- 
odes  may  be  used  at  maximum  rat¬ 
ings  at  frequencies  as  high  as  5 
Me  and  with  reduced  ratings  up  to 
25  Me.  Type  9C21  is  a  water-cooled 
type  and  Type  9C22  is  a  forced-air¬ 
cooled-type.  Both  are  for  use  in 
the  class  B  modulator  stage  and  in 
the  plate-modulated  class  C  final  am¬ 
plifier  stage  of  high-power  trans¬ 
mitters.  They  may  also  be  used  in 
large  units  for  industrial  r-f  heat¬ 
ing  applications.  Two  separate  bul¬ 
letins  describing  these  tubes  are 
available  from  RCA  Victor  Divi¬ 
sion,  Harrison,  N.  J. 


Also  manufacturors  of  high 
grada  cotton  and  silk  cov- 
arad  wires,  coHo'n  and  silk 
coverings  over  enamel  coated 
Wires,  and  all  constructions 
of  LItx  wires.  A  variety  of 
coverings  made  to  cus¬ 
tomers'  specifications,  or  to 
requirements  determined  by 
our  engineers.  Complete  de¬ 
sign  and  engineering  facili¬ 
ties  are  at  your  disposal; 
details  and  quotations  on 
request. 


WINSTED  •  CONNECTICUT 


ELECTRONICS 


.'‘‘  -Aii^ 


t* 
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fl 

CHECK  THESE  SPECIFICATIONS 
WITH  YOUR  REQUIREMENTS 

1.  General — Designed  to  conform  to  "American  War  Stand¬ 
ards  C  39.2 — 1944”  for  Electrical  Indicating  Instruments. 

2.  Size— 2'^*^,  Round,  Flush  Mounting,  Panel  Type. 

3.  Case— Standard  case  is  of  moulded  bakelite.  Available  also 
in  metal  (brass)  case. 

4.  Solid  alloy-steel  magnet  (not  laminated). 

5.  Range— Available  from  0-200  micro-amperes  to  0-10  am¬ 
peres,  or  0-1.0  volt  to  0-200  volts. 

Expanding  production  now  enables  G-M  to  accept  a  few  vol¬ 
ume  contracts  for  meters  conforming  to  the  specifications  out¬ 
lined  above. 

Early  in  the  war  G-M  converted  its  civilian  production  of  in¬ 
struments  to  volume  production  of  war  meters.  For  one  aircraft 
application  alone  G-M  has  supplied  over  100,000  meters. 

Write  or  wire  today  for  complete  details  concerning  early  de¬ 
liveries  on  volume  orders. 


GM 


(»1 

LAnOWATORlliS 

NC. 

WAR  BONDS  &  STAMPS^ 
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Wire  Wound  Resiztorg 

Four  different  types  of  wire- 
wound  resistors  (A,  B,  M  and  T) 
have  been  recently  announced. 
Types  A  and  B  are  non-inductive 
pie-wound  and  are  rated  at  i  per¬ 
cent  accuracy.Type  M  is  non-induc¬ 
tive  wound  and  Type  T  is  induc¬ 
tive  wound.  Types  T  and  M  are 
rated  at  1  percent  accuracy.  Rat¬ 


ings  are:  A  i  watt;  B  1  watt;  M  li 
watt;  and  T  2  watts.  All  of  these 
types  are  rated  at  100  deg  maximum 
operating  temperatures  and  all  of 
them  have  baked  varnished  fin¬ 
ishes.  Resistance  varies  for  the  in¬ 
dividual  units. 

Elco  Resistors  Co.,  114  West 
18th  St.,  New  York  1,  N.  Y. 

Wide  Range  Oscilloscope 

Model  556  is  a  5-inch  oscilloscope, 
equipped  with  a  direct-reading  volt¬ 
meter  for  measuring  the  input 
signal,  and  is  designed  to  make 
measurements  at  higher  frequen¬ 
cies.  The  sweep  generator  has  a 
frequency  range  of  20  cps  to  1  Me. 
The  horizontal  amplifier,  as  well  as 
the  vertical  amplifier,  is  practically 
flat  to  2  Me.  The  Z-axis  amplifier. 


which  is  rated  up  to  6  Me,  permits 
blanking  and  marking.  A  compari¬ 
son  voltmeter  is  incorporated  to  in¬ 
crease  the  usefulness  of  the  instru¬ 
ment  and  requires  no  additional 
equipment  to  determine  the  value  of 
the  signal. 

Reiner  Electronics  Co.,  152  West 
25th  St.,  New  York  1,  N.  Y. 


How  the  electron 
works  for  you 

Here  is  the  kind  of  book  you  have  been 
awaiting — an  ABC  book  which  will  show 
any  electrical  worker  or  salesman  of  elec¬ 
trical  supplies  what  electronics  is  all  about 
This  book  gives  you  simply — without  form¬ 
ulas  or  much  mathematics  just  what  you 
want  to  know  about  electronic  principles 
and  how  they  are  applied  in  working  de¬ 
vices. 

Jusf  Published 


A  PRIMER  OF 
ELECTRONICS 

ly  DON  r.  CAVERLY 

Commercial  Engineer, 

Sylranla  Electric  froducH,  Inc. 

235  pegas,  SVaxRVa.  Illgstratad.  $2.00 
Here  is  an  espedally  clear  and  simple  ex¬ 
planation  of  electronics  and  electronic  tubes 
and  circuits,  for  all  concerned  with  the 
manufacture,  application,  or  operation  of 
household  or  industrial  electronic  devices. 


•  TIm  taxt  is  coMcisa  oad  wrHfaa  la 
laagaoga  that  aayeaa  eoa  aadarttaad, 
yat  it  tachaieaily  aathoritativa  aad 
complata. 

•  Mora  tboa  200  tpaciolly  praporad 
illastrotioBS  ora  on  important  factor 
in  tha  ciarity  of  tiia  traatmant. 

•  Tba  matariol  has  grown  ont  of  the 
widaiy-known  larias  of  articlas  ia 
Wfcofasolar's  Soiatmon. 

The  book  begins  with  the  atom,  the  electron,  and 
static  and  electron  discharges  and  takes  the  r^er 
step  by  step^  through  explanation  of  electric  cur¬ 
rent,  magnetism,  and  electromagnetic  radiation,  to 
an  understanding  of  simple  radio  tubes,  fluorescent 
lamps,  cathode  ray  tubes,  ignitron,  thyratron,  and 
other  tubes  and  their  baisic  connections  for  prac¬ 
tical  purposes. 


Tko  book  eevors  eeoeitoly,  practically,  so  that 
any  one  may  nndorstand,  such  topics  os:  predsc- 
tieo  of  radio  waves:  rocoptioa  of  radio  wovos; 
sbort-wovo  radio:  froqooocy  nwdclaflon:  tolo- 
vhion  transmission:  tolovision  rocoptioa: 
nltro-hiqk  froanoncios  and  microwavos; 
ranging  and  directing  by  radio:  infra¬ 
red:  nl^  violot:  hot  cedbodo  fine- 
roscont  light  sonreos:  ilnoroscont- 
lamp  eirenits:  cold  cathode  llae- 
roseont  light  sources:  bacteri¬ 
cidal  tubes:  strobotrens: 
photo-oloctrie  tubes:  ca¬ 
thode-ray  tubes:  icono¬ 
scopes:  fmoge-dissoctor 
tubes:  facsimile  record¬ 
er  tube:  X-ray  tubes: 
eiectren  micreseope: 
electron  tubes  in  general. 


See  If  10  days 
on  approval ' 


I  McG^W-HILL 

j  EXAMINATION  COUPON  j 

I  McCRAW-HILL  BOOK  CO..  Inc.  [ 

;  330  W.  42nd  St.,  New  Yerh  IB,  N.  T.  ; 

I  Send  me  Carerly's  A  PRIMER  OF  ELECTRONICS  j 

■  for  10  days'  examination  on  approraL  In  10  days  1  ■ 

■  will  send  you  $S.0O,  plus  few  cents  poetase,  or  re-  ■ 
S  turn  book  postpaid.  (Poetase  paid  on  cash  orders.)  ■ 

:  : 

S  Name  .  ! 

■  Addreei  .  | 

■  City  and  State .  S 

■  Position  .  I 

!  Company  . Xr-4-44  ■ 

I  (Books  sent  on  approval  In  U.  S.  and  Canada  only. )  S 
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specifications  of  the  Type  27  relays 
are:  Sizes  of  1,  2  and  3  pole  relays 
measuring  approximately  l^xliix2 
inches.  Five  pole  relays  measuring 
approximately  2x2ix2i  inches. 
Weigh  4i  to  6i  ounces;  vibration 
and  acceleration,  10  g;  contact  ca¬ 
pacity  up  to  10  amps  depending  on 
available  power  and  on  coil  and  cir¬ 
cuit  characteristics;  contact  pres¬ 
sure  30  to  50  grams. 

G-M  Laboratories  Inc.,  Chicago, 
Ill. 

Recording  Paper 

Electrix  is  an  electrically  mark¬ 
ing  recording  paper  requiring  no 
processing  either  before  or  after 
use,  and  providing  a  highly  legible 
black  permanent  mark  wherever 
electric  current  passes  through  it 
between  the  stylus  and  the  backing 
contact  plate.  It  comes  in  rolls, 
sheets,  and  discs,  with  widths  rang¬ 
ing  from  i  inch  to  26  inches.  Little 
or  no  stylus  pressure  is  required. 
Current  and  voltage  values  needed 
are  dependent  upon  paper  speed, 
stylus  motion  and  stylus  pressure, 
with  normal  current  ranges  being 
5  to  40  ma  and  normal  voltage 
ranges  being  60  to  160  volts.  The 
speed  of  recording  is  exceeded  only 
by  photosensitive  papers.  Finished 
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Power  Relays  for 
Electronic  Circuits 


Type  27  sensitive  power  relays 
are  designed  for  use  in  electronic 
circuits  which  require  small  multi¬ 
pole  relays,  and  on  aircraft  and 
mobile  equipment  where  vibration 
is  encountered.  Contact  blades  are 
shimmed  to  the  correct  adjustment 
to  do  away  with  bending  of  any  of 
the  metal  parts  and  to  retain  the 
original  metal  structure.  General 


k  DIRECTORY  OF  AMERICAN  INDUSTRY 

18  E.  HURON  STREET  •  CHICAGO 

OFFICES  IN  PRINCIPAL  CITIES 


DANIEL 

KONDAKJIAN 


ELECTRONIC  TUBE 


fk  TUNGSTEN  LEADS, 

BASES,  CAPS,  METAL 
SPECIALTIES  ETC., 


AND  MACHINES 


DANIEL  KONDAKJIAN  componentt  \  IjlySM 
offer  exceptional  functional  odvon* 

L  toges  born  of  over  twenty  yeori  ex-  * 

L  perience  in  this  highly  specialized  \ 

%  field. 

^  Micro  accuracy,  consistent  high  quol-  >  ^ 

ity,  fine  finish  ond  rugged  durability  \  ^ 

ore  inherent  mechanical  features  em-  *9^ 
r  L  bodied  in  their  design.  Economies, 

efficiencies  and  ingenious  production  |l 
methods  ore  intangible  but  ever  Mli 
n  present  features  in  their  manufacture. 

JL^  m  DANIEL  KONBAKIIAN  SPOT  WELDEI 

offers  production  odvontoges  derived  'A 
■  from  more  fhon  20  years  in  the  field. 

Jj  Compact  and  efficient,  this  specialized 

JP^jIIHIh  oquipnient  is  precision -perfected  for 
dependobility  even  under  ievere,  con- 
tinuous  operation. 


THE  ENGINEERING  CO. 

27  WRIGHT  STREET,  NEWARK,  5,  NEW  JERSEY 


You  will  need  former  customers.  New  cus¬ 
tomers  will  need  you.  All  will  refer  to 
MacRae's  when  they  convert  to  peacetime. 
To  reach  them  through  MacRae's,  consult 
your  agency  or  write  Dept.  G. 
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WHEN  YOU  WANT 


USE  KLIXON  SHAP-ACTING  CONTROLS 


nr  ^'WM 

High' 


'Tvim*  •  - 


Switch 


■ryi-^  f" 


Type  V 
CircuM  Breol""- 


There  are  no  two  ways  about  it . . .  eonlrols  for  motor  and 
transformer  overheat  protection,  electric  eireuit  overload  protection, 
or  temperature  controls  for  radio  etpiipment  must  operate  accurately 
every  time  for  efficient  protection. 

klixon  Snap-Acting  Controls  provide  sure,  accurate  operation  un¬ 
der  all  comlitions.  The  secret  of  Klixon  depciidahilitv  lies  in  the 
Spen<-cr  snap-a<'ting  thermostatic  disc.  This  foolj)roof  actuating  ele¬ 
ment  snaps  ''on”  and  "off”,  always  making  a  quick,  clean  break  or 
a  solid  make.  Its  ac<'urate  performance  is  unaffected  by  shock, 
vibration,  motion,  altitude  or  the  mounting  position.  And  because 
it  contains  no  fussy  parts,  such  as  relays,  toggles,  magnets,  there  is 
nothing  to  get  out  of  order. 

Small,  compact  and  light  weight.  Klixon  Snap-\»‘ting  Contn>ls  are 
available  in  many  standard  models,  such  as  those  illustrated,  for 
most  control  requirements.  Write  for  complete  information. 


SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 
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recordings  are  easily  handled,  and 
cost  is  only  3  to  10  cents  per  100 
square  inches  depending  upon  the 
form  of  paper  used  and  the  quan¬ 
tity  ordered. 

Other  papers  also  available  in¬ 
clude  hard  white-surfaced  paper 
for  sooted  or  smoked  recordings, 
waxed  surface  paper  in  which  com¬ 
pression  of  wax  by  the  stylus  per¬ 
mits  the  contrasting  blue,  black  or 
red  background  to  show  through, 
ammonia  papers  that  can  be  devel¬ 
oped  dry  merely  in  the  presence  of 
ammonia  vapors,  regular  blueprint 
papers,  and  regular  photographic 
papers  requiring  wet  developing. 

Gorrell  &  Gorrell,  40  Littlefield 
Road,  Newton  Centre,  Mass. 


new 


service 


Multi-Frequency  Generator 

Model  ATF-1336-2  portable  multi¬ 
frequency  generator  (“Watch  Mas¬ 
ter”)  produces  eleven  different  fre¬ 
quencies  between  10  and  190  cps. 
All  of  the  frequencies  are  derived 
from  a  single  temperature-compen¬ 
sated  and  pressure-controlled  tun¬ 
ing  fork  and  therefore  have  the 
same  accuracy  as  the  tuning  fork. 


servite  iadvdes 


^/^DEHYDRATING 


SiimI  parh  ar*  tlK>ro*9hly  dahydra- 
tad  for  fha  lanqth  of  fima  naadad 
fo  fhorou9My  axfrart  mohfura. 


f^AUTOMATIC  DIPPING 


Parh  ara  waiad  and  vamtdiad  ac¬ 
cording  fo  spacificafiom  and  alt 
araat  ara  ffioroughly  coafad. 


JELLIFF  ALLOY  "C" 

l^distance  lAJi 


^^IMPREGNATING 


Sufficianf  fima  it  alowad  fo  fhor- 
ougMy  impragnafo  al  mafariak  fo 
fka  fuM  oifanf  of  fkair  procHy. 


.  ...  SO  tiny  it's  practically  in- 
visiblo  totho  nakod  oyo  (.0008)1 
Yot,  consistont  uniformity  is  at¬ 
tained.  Every  wire  is  drawn  in 
our  own  plant;  every  spool  re¬ 
ceives  micrometric  inspection. 
JeilifF  Alloy  "C"  resistance  wire 
is  truly  dependable,  depend¬ 
ability  maintained  always  by 
the  care  and  constant  super¬ 
vision  of  Jelliff  engineers 
throughout  every  operation. 


ly^CENTRIFUGING 


Output  voltage  of  the  instrument  is 
rated  30  volts  minimum  for  any 
frequency.  The  output  impedance 
is  rated  500,000  ohms,  maximum. 
Power  supply  is  100-126  volts, 
50-60  cps.  Power  consumption  is 
rated  40  watts,  maximum. 

American  Time  Products,  Inc., 
580  Fifth  Ave.,  New  York,  N.  Y. 


Al  Kirplui  wax  M  ramovad  by  fhn 
oparafion  laaving  al  machinad  nir- 
facat  and  counfar  borat  daan  and 
imoofk. 


^PDIISHING 

Al  tmoofb  surfacas  ara  poGsbad  fo 
a  duif-troa  fiard  finkh. 


DoiW 

UP  AND  Otl 
EygOPOtilA** 


SKCtAUSTS 


Improved  Test  Chamber 

Improvements  of  Model  RTC-1 
test  chamber  for  high  and  low 
temperatures  include  four  individ¬ 
ually  operated  plugs  in  the  panel  of 
.the  door  t5  permit  ready  access  to 
the  interior  of  the  testing  cham¬ 
ber  to  either  adjust  the  position  of 
the  part  being  tested  or  to  change 
the  reading  of  a  regulated  instru¬ 
ment  without  removing  it  from  the 


PRODUCTION 

ENGINEERING  CORP. 


660  VAN  HOUTEN  AVE. 
aiFTON,  N.  J. 


SOUTHPORT. 


CONN, 
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i 


immil 


mmi* 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 


Have  you  given  blood  to  the  Red  Cross 
to  save  the  boys  who  are  fighting  to  save 
you? 

And  .  .  .  did  you  do  your  job  today  as  if 
the  outcome  of  the  war  depended  osT you 
alone? 

These  are  the  ways  to  show  you’re  backing 
him  up.  These  are  the  ways  to  let  him  hear 
the  beat  of  vour  heart. 


Over  the  whining  buUets  and  the  bursting 
shells  .  .  .  and  in  the  dark  silence  of  the 
night  ...  he  wants  to  hear  the  beat  of  your 
heart. 


High  up  in  his  jungle  roost,  or  down  in 
the  mud  on  his  belly  .  . .  waiting,  watching, 
listening  ...  he  wants  to  know  whether 
you’re  doing  the  things  that  will- make  his 
job  easier,  and  the  war  shorter. 

And  if  he  were  right  here  heside  you.  he 
might  want  to  ask  a  few  personal  questions 


Here,  at  Kenyon,  we’re  mighty  proud  to  be  playing  a  small  part 
in  winning  a  big  war.  That  is  why  every  Kenyon  transformer 
used  by  the  V£.  Signal  Corps  and  other  military  branches  reflects 
the  same  high  craftsmanship  and  precision  that  went  into  our 
peacetime  production.  To  bring  victory  closer,  Kenyon  workers 
are  determined  to  do  their  share  by  turning  out  go.,d  tiansform- 
ers  as  fast  as  they  know  how. 


Did  you  put  some  of  this  week’s  pay  in 
war  bonds? 


Are  you  saving  the  scrap  and  tats  and 
paper  and  other  things  we  need  to  fight 
this  war? 


I 


lies 
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CIHAUDAGRAPH 

CORPORATION 

STAMFORD,  CONNECTICUT 


1255  i.  ERIE  AVE.,  PHILADELPHIA  24,  PA. 


50  Amp  Aircraft  Relay 


Solenoid  type,  50  amp,  aircraft  re¬ 
lay  will  withstand  a  surge  load  of 
400  amps  without  injury  to  the  con¬ 
tacts  (leads  are  fully  protected). 
Vibration  resistance  is  rated  5  to 
55  cps  with  a  total  excursion  of  * 
inch  in  any  direction.  The  unit 
weighs  0.6  lbs  approximately  and 
may  be  used  in  applications  other 
than  aircraft. 

The  Hart  Mfg.  Co.,  Hamilton  St., 
Hartford,  Conn. 


ACE  MANUFACTURING  CORPORATION 
forPrmchion  Parts 


The  complete  gtory  on  Ace  faeilitiet 
and  capabilitiee.  Send  for  a  copy. 


PRECISION  PARTS 


ACE  HIGH 


fi- 


•  •  •  a  winning  hand 


Radios  are  almost  as  important  to  war¬ 
time  flying  as  the  wings  or  the  motor  of 
the  ship  itself.  These  little  brass  conden¬ 
ser-plates  for  aircraft  radios  will  help 
bring  many  a  flyer  back  from  his  mission. 

Ace  turns  them  out  by  the  hundreds  of 
thousands.  There  must  be  no  burring  and 
the  similar  contours  of  both  pieces  must  be 
identical.  They  are  tested  by  projecting 
their  image,  50  times  enlarged,  on  a  screen. 

Here  at  Ace  you  will  find  the  finest 
machines  in  the  industry,  and  the  man¬ 
agerial  know-how  for  producing  ])arts 
twice  as  fine,  ten  times  as  fast,  as  ever 
before.  Whether  you  are  thinking  in 
terms"  of  current  production  or  planning 
for  post-war,  it  will  pay  you  to  see  Ace  for 
small  parts  or  assemblies  that  call  for 
stamping,  machining,  heat-treating,  or 
grinding.  Send  us  a  sample,  sketch,  or 
blueprint  for  quotations. 


chamber.  This  eliminates  the  neces¬ 
sity  for  opening  the  whole  door  and 
endangering  the  accuracy  of  the 
test  on  other  parts  in  the  chamber. 
The  machine  can  produce  and  main¬ 
tain  whatever  temperature  is  de¬ 
sired  between  —70  to  158.8  deg.  C. 

American  Coils,  Inc.,  25  Lexing¬ 
ton  St.,  Newark,  N.  J. 


Series  Power  Supplies 

MoranLS  1100  and  1110  are  identical 
in  performance  but  differ  in  con¬ 
struction.  Model  1100  is  a  table 
model  for  use  in  the  laboratory,  and 
Model  1110  is  designed  for  rack 
mounting.  Both  instruments  utilize 
a  high  gain  two  stage  circuit  to  in¬ 
sure  low  noise  level  and  good  regu¬ 
lation.  A  potientiometer  controls 
the  high  voltage  output  which  can 
be  shifted  through  a  range  of  225  to 


300  volts.  The  change  in  voltage 
output  from  no  load  to  full  load  is 
less  than  1  volt.  The  primary  of 
the  power  transformer  is  tapped 
for  use  at  105,  115  and  125  volts  on 
50-60  cps.  Furnished  with  the  in¬ 
strument  is  an  unregulated  heater 
supply  winding  of  6.3  volts  at  5 
amps. 

Communication  Measurements 
Laboratory,  116  Greenwich  St., 
New  York,  N.  Y. 


PERMANENT 

MAGNETS 

£1 


Sr 

Meeting  the  Rigid 
Requirements  of 
SPERRY-Made 
Products 

When  lives  and  equipment  depend 
upon  precision  instruments,  “satis¬ 
factory  performance'*  is  not  good 
enough  for  The  Sperry  Gyroscope 
Company.  Perfection  is  demanded 
.  .  .  and,  in  Cinaudagraph  Perma¬ 
nent  Magnets,  perfection  is  ob¬ 
tained.  We  are  meeting  every 
rigid  specification  and  a  heavy 
production  schedule — the  reason, 
perhaps,  why  we  are  one  of  the 
larger  suppliers  of  permanent  mag¬ 
nets  for  Sperry. 

Our  extensive  experience  and 
manufacturing  facilities  can  also 
help  you  solve  your  magnet 
problem. 


TfU^texf  ^Ae4e(^o«(ieC^c  7fo*4ft *^cutcU . . 

Right  at  your  own  desk,  alone  and  in  your  own  way,  you  can 
appraise  the  value  of  this  modem  clutch  head  Screw  in  terms 
of  speed,  safety,  and  low  cost  on  the  assembly  lines. 

With  the  assortment  of  CLUTCH  head  Screws  and  sample  Center 
Pivot  Type  “A”  Bit  .  .  .  mailed  to  you  on  request  .  .  .  you  can 
chec:k  the  fact  that  clutch  head  has  everything  offered  by  any 
other  screw,  plus  definite  features  foimd  in  no  other  screw  on  the 
market  today.  In  a  word,  we  are  content  to  let  you  discover  that 
CLUTCH  HEAD  is  a  screw  that  sells  itself,  on  sight,  and  by  any 
basis  of  comparison. 

On  the  score  of  dependable  production,  you  may 
place  reliance  on  the  resources  of  this  organ¬ 
ization  and  on  those  of  responsible  Licensees. 


For  field  maintenance  and  re¬ 
pair,  it  is  important  to  note 
that  this  is  the  only  modern 
screw  operative  with  the  ordi- 
nary  type  screwdriver . . .  even 
with  a  piece  of  flattened  steel 
rod  in  emergency.  This  fea¬ 
ture  has  proved  its  value  in 
many  phases  of  the  war  effort. 


Consider  the  economy  of 
time  and  money  in  this 
Center  Pivot  Type  “A” 
Bit.  It  serves  through  a 
longer  continuous  “spell.” 
Full  reconditioning  is 
merely  a  matter  of  a  brief 
application  of  the  end  sur¬ 
face  to  a  grinding  wheel. 


UNITED  SCREW  AND  BOLT  CORPORATION  . 

CHICAGO  CLEVELAND  '  NEW  YORK 
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FROM  THE  WHALE’S  BELLY- 

1944  YERS ION 

Yanks  in  Tanks,  guns  ablaze  spewing  forth  in 
face  of  fire  on  enemy  beachheads  .  .  .  that’s  the 
1944  war  saga  of  the  sea. 

The  role  of  the  LST  (Landing  Ship  Tank)  the 
modern  whale,  is  to  put  men,  equipment  and  supplies 
on  the  beach  in  the  right  order  for  successful  invasion. 

The  right  order  in  which  the  LSTs,  the  tanks,  and  a 
great  amount  of  our  fighting  equipment  operate  in 
turn,  is  dependent  upon  thousands  of  parts  made  of 
plastics,  like  National  Vulcanized  Fibre  and  Phenolite, 
laminated  Bakelite. 

We  salute  America’s  designing  engineers  who  have 
developed  our  highly  effective  landing  craft. 

NATIONAL  VULCANIZED  FIBRE  CO 


In  everything  of  Uncle  Sam’s  that  "flies, 
floats  or  shoots,’*  National  Vulcanized 
Fibre  and  Phenolite,  laminated  Bakelite, 
are  playing  a  vital  part.  This  is  because  of 
their  lightness  in  weight,  dielectric  strength, 
ready  machineablility,  exceptional  wear¬ 
ing  and  other  qualities. 


WILMINGTON 
Offices  in 


DELAWARE 
Principal  Cities 


■f.' 
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Current'Regulated 

Compensator 

A  NEW  CUKRENT-REGULATEDCOmp*  n- 
sator  for  resistance  welding  ma¬ 
chines  is  specifically  designed  to  fa¬ 
cilitate  consistent  welds  by  hold¬ 
ing  the  rms,  or  true  heating  value, 
of  the  weld  current  constant  for 
any  heat-control  setting,  without 
requiring  continual  manual  adjust¬ 
ment.  The  compensator  consists  of 


LEADER 


i 

an  electronic  control  circuit  which 
automatically  retards  or  advances 
the  firing  point  of  the  ignitron 
tubes  used  to  control  the  welding 
current.  The  compensator  can  be 
readily  mounted  on  or  near  the 
welding  machine.  It  can  be  applied 
to  resistance  welding  controls  which 
incorporate  the  phase-shift  method 
of  heat  control. 

Electronic  Control  Section,  Gen¬ 
eral  Electric  Company,  Schenec¬ 
tady,  N.  Y. 

Vibration  Fatigue  Tester 

This  tester  is  an  addition  to  the 
manufacturer’s  line  of  testing  ma¬ 
chines.  It  is  designated  as  Model 
lOV  and  features  automatic  cycling. 
It  has  a  table  area  of  8x8  inches 
and  has  drilled  and  tapped  holes  for 
attaching  work  which  is  to  undergo 
the  test.  It  tests  small  electronic, 
electrical  and  mechanical  parts  and 
can  handle  parts  or  assemblies  up 


to  10  lbs  in  weight.  Vibration,  in 
simple  harmonic  motion,  is  pro¬ 
duced  vertically.  Acceleration  is 
controlled  automatically  by  a  de¬ 
vice  which  changes  the  frequency 
from  10  cps  to  55  cps  (600  to  3,- 
000  vibrations  per  minute)  and 
back  to  10  cps  continuously  and 
uniformly,  the  complete  cycle  re- 


Paper  Manufacturers  Company  ‘PiiiiJiiiipiin  a,  pi. 

E  WORLD'S  EREfEKRED  SOURCE  FOR  COMMUNICATION  ' 


I  ELEGRAMI  Top**  by  the  Paper  Moaufocturers  Company  hare 
I  played  on  increoeingly  important  part  in  the  aervice  oi  com- 
munications. 


They've  enjoyed  continual  preference  for  two  very  good  reasoni 
(1)  their  quality  ia  coiuiatently  uniform  (thonka  to  rigid  laboratory  con¬ 
trol)  (2)  they  have  kept  pace  with  each  new  development  in  the  com- 
municationa  field. 


We  are  proud  of  the  fact  that  theae.  and  other  Paper  Monufacturera 
Company  producta,  hove  been  aelected  to  aerve  in  ao  many  phoaea 
of  the  notional  war  effort. 


Under  the  brand  name  PERFECTION,  Paper  Monufacturera  Company 
producea  a  complete  line  of  Teletype,  Perforator  and  Ticker  Tapea,  Morae- 
groph  Topee,  Teletypewriter  Rolla  and  Recorder  Tapea  for  all  machinea. 
In  performance  and  quality,  they  ofier  convincing  proof  that  "PERFEC¬ 
TION"  DESERVES  PREFERENCE. 


e  OOCC  • 


in 
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INC. 

ILL. 


5NICS 


KOVAR 

ELECTRODES 


GLAZED 

CERAMIC 

INSULATOR 


KOVAR 

EYELET 


HARD  GLASS 


KOVAR 

ElECTRODES 


VITREOUS 

ceramic 


FUSED 

hermetic 

SEAL 


KOVAR 

flange 


Glass 


SOLDER,  weld 
OR  BRAZE  TO  CAN 


A  Hermetic  Seal 


its  elements  0 


Hermetic  seals  of  Kovar  and  glass  are  made  in 
a  wide  size  range  and  with  single  or  multiple 
electrodes.  Electrodes  may  be  solid  or  tubular. 

The  design  illustrated  uses  a  vitreous  glazed 
ceramic  top,  clean  in  appearance  and  numbered  to 
identify  each  electrode.  The  Kovar  electrodes  are 
located  in  the  ceramic  and  hard  glass  preform.  This 
assembly  is  then  sealed  to  the  Kovar  parts  by  fusing 
the  hard  glass. 

The  seal  b|^tween  Kovar  and  glass  is  a  chemical 
bond  in  which  the  oxide  of  Kovar  is  dissolved  into 
the  glass  during  a  heating  process.  The  result,  a 
hermetic  seal — permanently  vacuum  and  pressure 
tight,  effective  under  the  most  extreme  climatic 
conditions — tropical  to  stratosphere. 

Kovar  IS  the  answer  to  permanent  vacuum  or 
pressure  tight  sealing.  Let  Stupakoff  help  engineer 
YOUR  hermetic  sealing  problems  with  Kovar. 


and  its  application  ^ 


rOR  GRCAT 
ACHItVCMCNT' 


Let’s  All  Back  The  Attack  —  BUY  WAR  BONDS 


^  tic  Tt/wld  0^ 

STUPAKOFF  CERAMIC  AND  MANUFAaURING  CO.,  LATROBE,  PA 
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Use  KOVAR  for  sealing 

ELECTRONIC  TUBES 

SWITCNES 

TRANSFORMERS 

RELAYS.  ETC. 

RESISTORS 

INSTRUMENTS 

CAPACITORS 

CAUCES 

CONDENSERS 

METERS 

VIBRATORS 

RECEIVERS 

TRANSMITTERS 

ll- 


1 


TESTED  PURITY 


Rare  Gases  and  Mixtures 


THERE’S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


NttASURlNltNTS 

corpormion 

BOONTON.NEW  JERSEY 


3656  LINCOLN  AVE.  CHICAGO,  ILL. 


quiring  one  minute.  Acceleration 
can  also  be  adjusted  manually  from 
10  cps  to  60  cps.  Frequencies  are 
accurately  recorded  on  a  sensitive 
electric  tachometer.  Maximum  ca¬ 
pacity  is  approximately  37  g.  The 
unit  is  powered  by  i  hp,  110  volt,  60 
cps  a-c  split-phase  motor. 

The  tester  is  described  com¬ 
pletely  in  Bulletin  210  available 
from  All  American  Tool  &  Mfg.  Co., 
1014  Fullerton  Ave.,  Chicago  14, 


Distribitid  Natioiwiilt  throi|h 
AIRCO  offices 


ATLANTA  S.  CA. 

S36  Sprint  Si..  N.W. 
BALTIMORE  24.  MO. 
4501  E.  Fayette  St. 
BCTTENDORF.  lA. 

2561  State  St. 
BIRMINGHAM  2.  ALA. 
124  So.  16lli  St. 

<P.O.  Box  2Sn) 

BOSTON  16.  M.4SS. 

122  Ml.  Vernon  St. 
BUFFALO  13.  N.  Y. 

730  Cram  St. 
CHARLOTTE  I.  N.  C. 
Foal  and  McNinch  Sia. 

(P.  O.  Bax  1147) 
CHICAGO  23.  ILL. 

3100  So.  Homan  Are. 
CINCINNATI  3.  OHIO 
034  Kenyon  Are. 
CLEVELAND  2.  OHIO 
1112  Williameon  Bldg. 
DAYTON  1.  OHIO 
Sprlafbom  Pike 
(P.O.  Box  023) 
DETROIT  11.  MICH. 
7001  HartnOck  St. 
EMERYVILLE  $.  CAL. 
I2W-45lfc  St. 

KANSAS  CITY  0.  MO. 
2701  Wanrtek  Tfleway 
LOS  ANGELES  ll.CAL. 
3423  E.  SOlk  St. 
UHJISVILLE  1.  KY. 
1256  Lotan  St. 
MILWAUKEE  S.  Vise, 
no  V.  Vinnebafo  St. 
MINNEAPOLIS  2.  MINN. 
111!  Nieellel  Are. 

NEW  ORLEANS!.  LA. 
1606  5.  Rendon  St. 


NEW  YORK  17.  N.  Y. 

40  Eaal  42nd  St. 
OKLAHOMA  CITY  0. 
1521  S.  Agnerr 
(P.O.  Box  2457) 
PHILADELPHIA  40.  PA. 
AHegbany  Ar.  6  17  5,. 
PITTSBURGH  12.  PA. 
1116  Ridge  Are..  N.  Side 
PORTLAND  10.  ORE. 
2047  N.W.  Front  Are. 
RICHMOND  0.  VA. 

(P.O.  Box  1102) 

SAN  FRANCISCO  4,  CAL 
220  Baab  St. 

SEATTLE  4.  WASH. 
3623  E.  Marginal  Way 
SHREVEPORT.  LA. 
Cedar  Crore  Station 
(P.O.  Box  765) 

ST.  LOUIS  2.  MO. 

630  So.  Seeand  St. 
VHEEUNC.  W.  VA. 
>4-20ih  Sc 


Electromagnetic  Chuck  and 
Power  Unit 

These  “Do  All”  magnetic  chucks 
are  designed  expressly  for  preci¬ 
sion  work.  They  provide  high  hold¬ 
ing  power.  They  are  made  of  steel 
and  are  waterproof.  The  coils  are 
wound  with  a  type  of  plastic  cov¬ 
ered  magnet  wire  and  are  sealed  to 
prevent  damage  from  moisture  or 
breakdown  from  electrical  or  me¬ 
chanical  sources.  The  input  wire  is 
located  on  the  right  end  of  the 
chuck  to  eliminate  interference  in 
grinding  and  cleaning  operations 
and  wear  on  the  cord.  No  auxiliary 
clamps  are  necessary  since  the 
chucks  can  be  mounted  directly  to 
the  table. 

The  varying  power  unit  is  an 
electronic  device  and  is  known  as 
“Do  All”  Solectron.  It  gives  the  op¬ 
erator  control  over  the  magnetic 
pull  from  the  chuck  and  also  demag¬ 
netizes  the  chuck.  The  variable 
magnetic  pull  makes  possible  the 
grinding  of  difficult  jobs  such  as 
flat  warped  pieces.  The  unit  elim¬ 
inates  the  need  of  a  generator  or 
rectifier  since  it  produces  the  d-c 
current  with  which  to  operate  the 
chuck.  Work  may  be  removed  from 
the  chuck  without  scratching  either 
the  work  or  the  chuck  and  an  oper¬ 
ator  can  take  the  warp  out  of  thin 
parts  in  very  little  time.  It  is  rated 
at  175  watts  maximum  with  an  in¬ 
put  rating  of  220  or  440  volts  60 
cps  a.c.  Output  rating  is  220  volts 
d.c.  Angle  brackets  are  provided 
for  mounting  on  any  make  surface 
grinder. 

Chuck  Models  618  and  824  and 
the  Selectron  are  illustrated  and 
described  in  a  bulletin  available 
from  Continental  Machines,  Inc., 
1301  Washington  Ave.,  S.,  Min¬ 
neapolis  4,  Minn. 


liEYT 


EL  PASO.  TEXAS 
DM  Fort  BBm  Rm6 
(P.O.  Box  64) 
HOUSTON.  TEXAS 
2465  Collix^wotlk 
(P.O.  Box  M4) 

FORT  WORTH.  TEXAS 
161  N.  TkrockxMttoo 
(P.O.  Box  496) 


AIR  REDUCTION 

GbiibiwI  OMcm :  60  E.  424  S»..  N*w  York  Y  7.  N.  Y. 


Standard  Signal 
Generators 


Square  Wave 
Generators 


Vacuum  Tube 
Voltmeters 


U.H.F. 

Noisemeters 


the  Drake  No.  400  to  the 
speed  production  “honey” 


Pulse 

Generators 


the  Drake  No.  600-10  there  is  ■ 
high  quality  Drake  Soldering 
Iron  “just  right”  for  the  job. 


Moisture. 

Meters 


Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


ELECTitC 


ELECTRONICS 
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contai 
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RA 


MANUFACTI 

CENERATOI 
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SINTERING 


POWDERED 


METALS 


T«mp«raturM  up  to  2750*  F.  Gattighf  construction  for  ntmosphoro  control. 
Photograph  shows  antranco,  high  tamparatura  and  water  coolad  chambers 
with  flame  curtain  at  entrance  and  exit  for  continuous  operation.  Various 
sizes  for  research  and  mass  production.  Used  by  America's  foremost  concarns. 
Write  for  engineering  data. 


UARPER 

11  Writ*  to  144 


ELECTRIC  FURNACE  CORP. 

1443  lUFFALO  AVENUE.  NIAGARA  PALLS.  N.  Y.  le^FChSSpSTomos 
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TRANSPARENT 

UTILITY 

BOXES 


For  Stock  Room  Use 


Important  tools  and  vital  small  parts  can  be  kept  sorted  and  ready  for 
immediate  selection  in  these  patented  Pyra-Shell  transparent  utility 
boxes.  The  contents  are  protected  against  damage  or  loss  and  can  be 
located  instantly  by  looking  through  the  box. 

If  one  of  the  many  standard  styles  and  compartment  arrangements  will 
not  meet  your  needs,  we  can  design  a  special  box  for  your  particular  use. 

Write  for  a  free  illustrated  folder. 

SHOE  FORM  CO.  Inc.  Utility  Box  Dept.  R  AUBURN,  N.  Y. 


Tubing  with  Colored 
Identification  Stripes 

To  PROVIDE  INSULATION  for  electri- 
cal  wiring,  and  to  facilitate  identi¬ 
fication,  Lumarith  plastic  tubing  ig 
extruded  with  contrasting  color 
identification  lines  right  in  the  body 
of  the  tubing.  This  tubing  is  de¬ 
signated  as  “Striatube”  and  is 
available  in  opaque  or  transparent 
tubing,  in  either  flexible  or  rigid 
form  in  a  variety  of  sizes,  lengths 
and  thicknesses,  as  well  as  various 
degrees  of  flexibility.  In  all  in¬ 
stances  the  color  stripes  are  an  in¬ 


tegral  part  of  the  extrusion  and  are 
as  permanent  as  the  body  of  the 
tubing  itself.  Striatube  has  high 
dielectric  strength  and  non-oxydiz- 
ing  properties  and  is  highly  resis¬ 
tant  to  acids,  alkalis,  oils  and 
greases,  nor  will  it  deteriorate  due 
to  aging  or  constant  exposure  to 
light 

Lumarith  is  a  product  of  the 
Celanese  Celluloid  Corp.,  180  Madi¬ 
son  Ave.,  New  York,  N.  Y.,  and 
Striatube  is  a  product  of  Carter 
Products  Corp.,  6921  Carnegie  Ave., 
Cleveland,  Ohio. 


Insulating  Varnishes 

Am-DRYING,  insulating  varnishes, 
designed  for  use  in  the  manufac¬ 
ture  and  repair  of  electrical  equip¬ 
ment  are  called  "Speedairbonds.” 
The  varnishes  dry  fast  to  a  smooth, 
glossy  finish.  They  are  oil-proof 
and  water,  acid  and  alkali  resistant 
and  possess  high  dielectric  qual¬ 
ities.  They  are  designed  to  give 
complete  protection  and  insulation 
under  adverse  circumstances  and 
atmospheric  conditions.  The  var¬ 
nishes  may  be  applied  by  brushing, 
dipping  or  spraying.  The  several 
types  of  varnishes  are  described  in 
Bulletin  243. 

The  Sterling  Varnish  Co.,  181 
Ohio  River  Blvd.,  Hayaville,  Pa. 


k40lO 


MODEL  422 


This  test  instrument  is  equivalent  to  27 
individual  instruments  in  one  compact 
unit  —  with  very  low  and  very  high 
ranges.  Excellent  for  general  circuit  test¬ 
ing  —  speeds  up  trouble  shooting  —  and 
combines  many  important  measurements 
in  one  small  case.  Features  are:  Current 
measurements  in  both  A.C.  and  D.C.  up 
to  25  amperes.  Voltage  measurements  in 
both  A.C.  and  D.C.  up  to  5,000  volts. 
D.C.  sensitivity  5,000  ohms  per  volt.  Re¬ 
sistance  measurements  up  to  10  megohms. 
Coie-mRAY  .  .  .  ,«q5Q 

Complete  with  batteries . fcV 


MODEL  420 


"Pocket”  sire  yet  rugged  with  good  accuracy  comparable  to  larger 
RCP  models  —  Model  420  —  only  6^"  x  3^/2"  *  3*  —  open  face  — 
weighs  only  25  ounces  —  meter  movement  accurate  within  2%. 
Voltage  and  multipliers  accurate  to  1%.  A.C.  and  D.C.  voltmeter 
up  to  5,000  volts  at  1,000  ohms  per  volt  sensitivity.  D.B.  meter, 
output  meter,  milliammeter  and  ohmmeter.  Total  23  ranges. 

Code-UYOR  .  .  .  $1095 

Complete  with  batteries,  ready  to  operate .  |  ^ 


Complete  details  of  these  two  testers  and  other  RCP  radio,' electrical  and  electronic  testing  instruments  are 
contained  in  the  RCP  Catalog  No.  128  of  standard  commercial  models.  Write  today  for  your  copy. 

Our  engineers  will  welcome  the  opportunity  to  cooperate  with  you  on  production  testing  problems. 


REASONABLE  DELIVERIES  ARE  NOW  BEING  SCHEDULED 


NEW  YORK  CITY  l,N.Y 


127  WEST  26fh  STREET 


MANUFACTURERS  OF  PRECISION  ELECTRONIC  LIMIT  BRIDGES  -  VACUUM  TUBE  VOLTMETERS  -  VOLT-OHM-MILLIAAAMETERS  -  SIGNAL 
generators  -  ANALYZER  UNITS  -  TUBE  TESTERS  -  MULTI-TESTERS  -  OSCILLOSCOPES  -  AND  SPECIAL  INSTRUMENTS.BUILT  TO  SPECIFICATIONS 
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Bakelite  Plug 

Designed  primarily  for  use  with 
the  manufacturer’s  No.  37222  cap¬ 
tive  head  posts  and  No.  37202  plates 
is  a  compact  plug  (No.  37212) 
which  is  available  in  black  or  red 
regular  bakelite,  as  well  as  low- 
loss  brown  mica-filled  bakelite,  for 
r-f  uses.  There  is  a  small  circular 
depression  on  top  of  the  plug  for 
use  in  color  coding  or  polarity  in¬ 
dication. 

James  Millen  Mfg.  Co.,  Inc., 
Malden,  Mass. 

Dual  Coil  Relay 

Model  Boy  is  a  small  dual  coil 
power  relay  suitable  for  use  in  plate 
circuit  applications  where  the  lim¬ 
ited  amount  of  current  is  insuflS- 
cient  to  operate  a  single  coil  power 
relay  directly.  The  two  coils  of  this 
new  model  may  be  connected  in 
series  for  operation  at  one  voltage 
and  in  parallel  for  a  second  voltage; 
or  one  coil  can  be  used  for  operation 


QUALITY  TOOLS 
PREFERRED  BY  THE  EXPERTS 


while  the  other  is  used  for  holding. 
The  relay  features  semi-balanced 
armature  construction  and  is  rug¬ 
gedly  built  to  withstand  10  G.  The 
coils  are  cellulose  acetate  sealed; 
will  withstand  salt-spray  and  high 
humidity.  The  relay  meets  Army, 
Navy  and  CAA  Specifications.  Di¬ 
mensions  are  ISxlixli  inches, 
and  the  weight  is  5  ounces. 

Allied  Ckmtrol  Co.,  Inc.,  2  East 
End  Ave.,  New  York  21,  N.  Y. 


Capacitor  Unit 

Oil  type  capacitors,  designated  as 
“EC”  Capacitrons,  are  designed  as 
standard  components  to  replace 
similar  types  of  special  capacitors 


April  — ELECTRONICS 


TYPE  AR  300A 

(Manufactured  to  Army  -  Navy  Specification 
JAN-2 12E). 

Medium  power  triode  for  use  as  audio-frequency 
amplifier  or  modulator  and  radio  -  frequency 
oscillator  or  amplifier  at  medium  frequencies. 

A-F  Powor  Amplifior  and  Modulator — 
Class  B 

D-C  Plate  Voltage  .  .  2000  volts 

D-C  Grid  Voltage  .  .  .  -105  volts 

Zero -signal  D-C  Plate  Current 

fer  tube  .  40  ma. 

late  Current 

per  tube  .  300  ma. 

Load  resistance  plate-to-plate  .  8000  ohms 

Power  Output  (2  tubes)  .  .  650  watts 

Plato-Modulated  R-F  Power  Amplifier — 
Class  C  Telephony 

D-C  Plate  Voluge  .  .  .  1500  volts 

D-C  Plate  Current  .  .  .  300  ma. 

D-C  Grid  Voltage  .  .  .  -200  volts 

D-C  Grid  Current  ...  75  ma. max. 

Carrier  output  for  mod.  factor 

of  1.0  .  300  watts 

Makers  of  high-quality  Transmitting  and 
Receiving  Tubes  since  i^6, 

IN-2-44 


ROGERS  RADIO  TUBES  LIMITED 

TORONTO •  CANADA 


Serawdrivers 


Nut  Drivers 


TIm  oriqlnal  scrawdrivar*  with  tha 
toush,  transparant  XcaLita  shock- 
proof  plastic  handlas.  Bladat  of 
high  guallty  staal,  accurataiy  ma- 
chinad.  Unsurpastad  tools  for 
alactrical  and  ganaral  usa.  Ovar 
50  sizas  and  stylas,  squara  and 
round  bladas.  Many  sizas  avail- 
abla  with  spacial  fira  -  rasistant 
handlas  at  slightly  highar  pricas. 


Idaal  tools  for  alactrical  work, 
aspaclally  panal  jobs.  Eztra  daap 
sockats,  pracision  machinad,  handlas 
two  nuts.  Handlas  ara  ganulna 
shockproof,  fira-rasistant .  XcaLita. 
Suppllad  In  i'*  and  t"  langths; 
9  sizas  from  3/U"  to  H"  nut  siza. 


XcaLita  Serawdrivars  and  Nat 
Driven  are  available  ea  sotia- 
toctary  priority  ratings. 


For  dotoils  and  pricas  on  XcaLita  Tools,  ask  yoor  rogolor  doolor  or 
wrHo  Dopt.  C. 


Park  Metalware  Co.,  Inc.,  Orchard  Park,  N.  Y 


BUY  MORB  WAR  BONDS 


BACK  THB  ATTACK 


illustrated  at  left,  Type  300-A 
Output  Trdnsformer.  Width  4'/4  , 
length  6  ,  height  5^2'' .  Utilizes 
Hypersil  core  in  conjunction  with 
Marvel  61  2-C  Impregnation  proc¬ 
ess.  Mounting  facilities  ’74-20  x 
'/?  studs  on  3 ’72  X  5V4  centers 
Weight  1  6  lbs. 


The  Type  300-A  Output  Transformer  was  engineered  primarily  as  a  pprt 
of  the  Langevin  Type  101 -A  Amplifier.  Designed  to  work  out  of  four 
6L6’s  parallel  push-pull  or  equivalent  with  nominal  secondary  imped¬ 
ance  values  of  2/1 8/32  1 50  600  ohms.  When  used  in  a  circuit  employ¬ 
ing  feedback  secondary  terminations  from  1  to  1 000  ohms  are  available. 
Will  safely  handle  50  watts.  Designed  for  wide  frequency  response, 
high  efficiency  (in  excess  of  90%  at  all  nominal  output  impedances)  and 
good  wave  form  even  at  low  frequencies  at  high  output  levels. 

0 

Besides  manufacturing  public  address  equipment  and  electronic  devices, 
The  Langevin  Company,  Inc.,  also  manufactures  transformers  and  reac¬ 
tors  to  exact  requirements.  Capacity  up  to  5  KVA.  Hermetically  sealed 
components  to  strict  Army-Navy  specifications. 


The  Lan 


SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W.  65  St.,  23 


SAN  FRANCISCO 
1050  Howard  St.,  3 


LOS  ANGELES 
1000  N.  Seward  St.,  31 


used  in  the  production  of  war 
equipment  They  are  being  m&nii. 
factured  in  several  ranges  vith 
d-c  working  voltage  ratings  from 
600  to  1,600  to  meet  U.  S.  Signal 
Corps  and  Navy  Specifications.  The 
units  are  locked  on  the  chassis  by 
means  of  a  solid  nut  and  lockwa.^her 
through  a  single  hole  to  clear  the 
i  X 16  inch  threaded  Bakelite  neck. 
The  neck  is  lock-spun  into  the  ex¬ 
truded,  insulated  metal  container, 
making  possible  a  100  percent 
hermetic  seal.  Grounding  of  either 
insulated  terminal  is  readily  ac¬ 
complished  with  a  special  ground¬ 
ing.  Dimensions  of  ^e  8  and  4  /d 
size  units  are  11  inches  in  diam¬ 
eter  by  41  inches  in  height 
Capacitrons  Inc.,  818  W.  Schiller 
St,  Chicago  10,  HI. 


coated  with  a  bonding  agent  which 
bonds  the  wire  to  the  strip.  A  pro¬ 
tective  bakelite  band  is  placed  ex¬ 
ternally  over  the  wire  strip,  secur¬ 
ing  the  wire  against  mechanical 
damage  or  derangement  It  is  then 
bent  around  and  fastened  to  the 
bakelite  supporting  form.  Constant 
contact  resistance  and  low  noise 
level  are  maintained  for  any  posi¬ 
tion  of  the  knob  through  the  use  of 
separate  wiping  fingers.  Types  261, 
276,  281,  291,  292  and  296  have 
top  wipers  which  are  provided  for 
the  highest  accuracy  and  for  the 
closet  tolerances. 

De  Jur-Amsco  Corp.,  Shelton, 
Conn. 


Precision  Potentiometers 


Precision  potentiometers  (de¬ 
fined  by  ASA  as  low  operating  tem¬ 
perature  tyrpes)  which  can  operate 
for  2,500,000  revolutions  at  360 
degrees  continuous  rotation  in  both 
directions,  for  24  hours  a  day  are 
available  in  Types  260,  260T,  261, 
276,  276,  281,  291,  292,  and  296. 
Extremely  close  tolerances  are  used 
in  the  making  of  these  units.  Spe¬ 
cial  machines  spacewind  the  re¬ 
sistance  wire  on  a  strip  of  fabric 
base  bakelite.  The  strips  are  then 


PERMOPIVOTS 


GIVE  PROTECTION 

FROM  WEAR  AND  CORROSION 

WHERE  IT  COUNTS 


WITHOVT  THIS  Cwy  PERMOPIVOT'  Is  lippsd  with  PsnBOostol 


PIOTECTIOH  . . . 


o  apscMl  prscious-nMlals  oUor  dsrslopsd  comI 


Th«  ,lwio,rwfc-  liwp  manuiaclursd  In  Psnno's  own  mstalliirgkxil  lobora* 
loriss.  PsciBcanstcil',  oxtismslv  low  cosMcisnt  e< 


Iriction.  its  ntinnmoolh  polish,  and  Us  issMoncs  lo 
liM  RSMO-  comsioo  and  abrasion  naks  II  Idsal  ioc  tipping 
Pt^  PERMOPIVOTS sliminolsthsnssdaicU... 

P"****®®  InstnunsnU  accurals  ioa9Sr . . .  STsn 
undsc  ths  most  giuslling  ponishmsnL 


PERMOp  Incorporated 


MU  lAVlItVfWt  AViail 


IWISMt  tl.  IIUMII 


WRITE  T00»r  FOR  TOUR  COPT  Of  THIS  INF0RM4TIVE  ROOKLET 


Select  your  Post-War 

PLASTIC  SOURCE 


♦  If  your  post-war  products  will  require  plas-  /l/J  f 
dc  parts  in  their  coostructioa,  we  suggest 
that  you  establish  a  source  of  producuon  to-  g  fC/W'* 
day  to  avoid  the  expected  rush  for  plasdcs 
tomorrow. 

Every  day  more  manufacturers  can  see  what 
their  plastic  requirements  are  to  be  and,  con¬ 
sequently,  they  plan  constructively  for  the 
post-war  period  and  the  great  demand  for 
plastic  production  that  will  come  with  it. 

We  urge  you  therefore,  to  consult  with  our 
engineering  department  now.  Get  cost-free 
advice  from  seasoned  plastic  experts.  Your 
action  now  will  help  get  your  products  on 
the  market  quiddy  when  peace  comes. 

Write  today  —  no  obligation! 

ROGAN  BROTHERS 

COMfIfSSfON  MOLOfRS  AMO  0R4NOIRS  Of  fLAtTICS 

2003  S.  MiehigaR  Ayr.,  Chicago  16.  Illlools 


I 
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ONICS 


They  wanted  wire,  tube 
and  sheet  in 


...and  found  the  strong,  corrosion- 
resistant  metals  they  sought 
among  the  Inco  Nickel  Alloys 


mcKaftuovwiu  — 


Are  you  looking  for  metals  in  ultra-fine  sizes  for  es¬ 
sential  applications  today... or  for  your  new  products 
after  the  war? 

Do  you  want ...  in  addition  to  the  split-hair  size 
...metals  with  strength,  toughness  and  high  resis¬ 
tance  to  corrosion? 

Then  take  a  look  at  these  examples  of  how  iNCO 
Nickel  Alloys  can  be  produced  in  practically  any 
form  or  size  you  may  want  for  applications  that  need 
a  rustless  corrosion-resisting  material  with  high  me¬ 
chanical  properties ... 

THE  WIRE  shown  in  the  magnified  photo  above 
knotted  around  two  strsmds  of  human  hair  is  0.0009" 
thick.  A  pound  would  stretch  80  miles.  It  is  a  regular 
commercial  product  of  the  Driver-Harris  Co. 

THE  TUBING,  smallest  ever  drawn,  is  compared 
with  a  mosquito’s  stinger.  Outside  diameter  of  this 
nickel  tube  is  0.0019";  inside  diameter,  0.0004". 
Superior  Tube  Company  produces  commercial  tub¬ 
ing  in  Inco  Nickel  Alloys  as  small  as  0.010",  outside 
diameter. 

THE  STRIP  is  .00075"  thick  .  .  .  one-third  the 
thickness  of  this  page.  It  would  take  more  than  1300 
strips  to  equal  an  inch.  This  nickel  strip  is  made  by 
Somers  Brass  Company  for  regular  commercial  use. 

In  addition  to  their  group  properties  ot  high  strength, 
toughness  and  corrosion  resistance,  individual  iNCO 
Nickel  Alloys  have  specialized  properties  for  appli¬ 
cations  requiring  high-temperature  strength,  special 
hardness,  resilience,  etc. 

“Tremendous  Trifles”  a  booklet  which  discusses 
the  properties,  sizes  and  forms  of  8  iNCO  Nickel 
Alloys  will  be  sent  to  you  on  request.  Please  give 
Company,  Name  and  Title.  Address: 

THE  INTERNATIONAL  NICKEL  COMPANY  INC 
67  Wall  Street,  New  York  5,  N.  Y. 


INCO  NICKEL  ALLOYS 

MONEL  •  “K”  MONEL  •  “S”  MONEL  •  “R”  MONEL 
“KR”  MONEL  •  INCONEL  •  “Z”  NICKEL  •  NICKEL 
Sheet ...  Strip ...  Red Tubing. ..Wire ...  Castinge 


EDGE  VIEW  OE  A  PAGE 
FROM  THIS  magazine 


EDGE  VIEW  OF  0.00075-INCH 
NICKEL  STRIP 


MAGNIFIED  APPROX.  25  TIMES 
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”  Landing  According  to  Plan” 

IN  the  planning .  .  .  and  the  execution  ...  of  In  the  Pack  Set,  as  in  many  other  audio  com* 

landing  operations  Communications  are  munication  instruments.  Transformers  by  Rola 

playing  a  vital  part.  That’s  why  in  the  fore-  are  living  up  to  a  reputation  gained  through 

front  of  every  landing  party  there  usually  is  25  years  of  leadership  in  Sound  Reproduc- 

to  be  seen  the  man  with  the  Pack  Set  strapped  tion.  That,  no  doubt,  is  the  reason  why  so 

to  his  back.  Light  and  compact,  yet  powerful  many  of  the  largest  producers  of  communica- 

and  sturdy,  this  adaptation  of  the  walkie-  tion  equipment  are  looking  to  Rola  for  Trans¬ 
talkie  provides  the  instant  communication  by  formers.  Headsets,  Coils  and  other  Electronic 

which  our  intricate  military  operations  are  Parts  . . .  why  others  are  saying,  "Let’s  discuss 

planned  .  .  .  and  carried  out.  our  problem  with  Rola’’. 

THE  ROLA  COMPANY,  INC.,  2530  SUPERIOR  AVENUE,  CLEVELAND  14,  OHIO 


makers  of  the 
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ROLA 


Let’s  do  more 


in  forty- four! 


Dial  L€>ck  and 
Tuning  Indicator 

A  TUNING-DIAL  LOCK,  designated  as 
Type  TU-52,  perforins  a  dual  func¬ 
tion  of  a  dial  lock  that  will  accom¬ 
modate  a  wide  range  of  dial  thick¬ 
nesses  and  also  a  precision  tuning 


CHARACTERISTICS 

Specific  gravity  of  only  2.5  to  2.1 
Water  absorption  S.  1.5-0.001  pai 


cant.  Par  cant  power  factor. 

$.  1.5  to  M  cycles  was  only  O.OU5 
Dialactric  constant  at  60  cycles 
was  5.M000  KC  5.4. 


Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  findinit  in  LAVITF 
the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and  high 
heat.  The  exceedingly  low  loss-factor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli- 


We  will  gladly  suoply  samples  for  testing 


D.  M.  STEWARD  MFG.  COMPANY 


Mdtfw  Office  &  Works:  CbatSamoogM,  Temu. 
Hm  Y»rt  NMdlia«,  Matt.  ChioM#  Lm  AiihIm 


WANTED 


New  Ideas  *  New  Products 


Relating  to 

Chemical,  Physical,  and 
Engineering  Laboratory 
Instruments,  and 
Materials  Testing  Equipment 


Bring  or  send  us  your  idc3  or  new 
product  even  though  pjrtully  or 
completely  developed,  indicating  its 
scope  of  use  design  features  ad 
vantages  and  potential  market  Wc 
will  promptly  and  confidentially  consider 
the  possibilities  of  its  development, 
manufacture  and  marketing 

Since  we  are  on  the  approved  list 
for  internal  security  we  are  qualified 
to  handle  secret  confidential,  or  re 
Stricted  work 

25  years  of  successful  experience  m 
the  design  and  manufacture  of  scientific 
instruments:  modern  production  facili¬ 
ties;  experienced  engineering  and  de¬ 
sign  staff  skilled  craftsmen 


AMERICAN  INSTRUMENT  CO. 

8030  Georgia  Avenue 

Silver  Spring,  Maryland 


Iroadcasting  stations! 

Recording  studios! 

Schools!  "Hack  Seal" 

Recording  Blanks  may 
be  obtained  without  de¬ 
lay  on  an  AA-2X  rating 
..  which  is  automatically 
available  to  you. 

Send  us  your  priority 
rating,  and  we'll  ship 
these  famous,  better¬ 
sounding,  longer-wear¬ 
ing,  more  satisfying 
blanks  immediately.  Two 
weights  —  thin,  flexible, 
interchangeable  with 
I  aluminum,  or  medium 
I  weight.  Four  holes.  Cen- 
;  ter-flow  thread  action. 

Won't  age,  harden,  dry 
out  or  deteriorate. 

Old  Aluminum  Blanks  Becoated  with 
‘'Block  Seol"  Formula  on  Short  Nofic* 

GOULD-MOODY 

^  ^  company 

\  \  ,  Recording  Blank  Division 

395  Broadway 
New  York  13.  N.  Y. 


indicator  that  maintains  a  fixed 
position  on  the  dial  simply  by  snaj)- 
ping  the  lock. 

The  Radio  Craftsman,  1341  S. 
Michigan  Ave.,  Chicago  5,  Ill. 


Voltage  Regulated 
Power  Supply 

Supplying  d-c  loads  up  to  40  watts 
at  200  to  400  volts,  with  voltage 
variation  of  less  than  1  percent 
from  zero  to  full  load.  Model  1218 
voltage  regulated  power  supply  is  a 
useful  tool  for  general  use  in  ex¬ 
perimental  development  laborator¬ 
ies.  A  single  operating  control  al¬ 
lows  the  d-c  output  voltage  to  be 
set  at  the  desired  value,  where  it  re¬ 
mains  regardless  of  load  variation ; 
current  may  be  drawn  up  to  100 
milliamps  at  400  volts  and  increas¬ 
ing  to  200  milliamps  at  200  volts, 
with  voltage  regulation  electron¬ 
ically  maintained  in  a  circuit  using 
standard  tubes. 

The  built-in  voltmeter  and  mil- 
liameter  permit  direct  reading  of 
output  delivered  at  the  safety  jack 
located  on  the  front  panel.  Another 
feature  of  convenience  is  the  pro¬ 
vision  of  a  second  output  jack  at 
which  is  available  4  amps  a.c.  at  6.3 
volts  (unregulated).  Both  the  d-c 
output  and  the  a-c  input  are  fused 
for  protection  against  overload. 

The  power  supply  is  housed  in  a 
ventilated  steel  cabinet,  which 
measures  13  x  9  x  9  inches  and  has 
a  convenient  carrying  handle.  Bul¬ 
letin  J-1218  describes  this  equip¬ 
ment  and  may  be  obtained  from  the 
Technical  Apparatus  Company,  1171 
Tremont  Street,  Boston,  Massa¬ 
chusetts. 
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VIBRATION  in  this  Heavy  Engine  Foundation 

Located  aedAaalyzed  with  Ge acral  Radio  Vibration  Meters 

-  4  • 

VIBRATION  in  this  sugar-cane  grinding  tandem  iii  the  Florida  Everglades  was  sufficiently  serious  to  cause 
unWen  settling  of  the  heavy  concrete  foundation.  The  magnitude  of  the  vibration  depended  upon  the  speed  of  one 
of  the  three  Corliss  engines  driving  the  tandem,  increasing  as  the  speed  increased. 

MEASURE3IENTS  with  the  General  Radio  Vibration  Meter  and  Analyzer  showed  that  the  frequency  of 
the  maiq^component  of  the  vibration  corresponded  to  the  single-mesh  frequency  of  the  main  pinion  on  the  engine. 
A  speed-vibration  characteristic,  taken  over  the  complete  range  of  operating  spe^s,  showed  a  pronounced  resonance 
peak  at  68  rpm.  neaf  top  speed.  Calculations  confirmed  the  fact  that  the  concrete  foundation  was  in  resonance  at 
the  gear  mesh  frequency  corresponding  to  this  speed. 

ELIMINATION  of  the  vibration  was  simple,  once  its  nature  and  source  were  completely  known.  The  cause 
was  found  to  be  poor  gear  alignment,  resulting  in  worn  gear  teeth. 

Most  vibration  problenw  encountered  in  industry  are  simple  —  when  you  know  the  answer. 

CJeneral  Radio  noise  and  vibration-measuring  instruments  are  designed  to  get  that  answer  for  . 
you  quickly  and  accurately.  Their  theory  and  operation  are  completely  described  in  “THE 
NOI^  PRIMER.”  Write  for  your  copy  today.  A»k  for  Bulletin  No.  869. 

Because  all  of  our  facilities  are  devoted  to  tear  projects,  7 
this  equipment  is  at  present  available  only  for  uar  uark.  - 


GENERAL  RADIO  COMPANY 


Cambridge  39,  Massachusetts 
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We  Arm  FImatmd  to  Announce  that 

GENERAL  0  ELECTRIC 
SUPPLY  CORPORATION 

■  b»n  oppofaitod  Ifattoncd  Distributor  for  "Btrlotubs"  oad  'Tlicrtubo"  Tubinq 
eidor  to  moko  oraUabto  to  our  enstomors  tho  notion  wido  focilitlos  and  sorr- 
w  of  ttis  woU  known  oloctrieol  supply  orqonisotion. 


Microhmmeter 

Type  G-710  microhmmeter  is  an 
improved  a-c  bridge  for  use  in  re¬ 
cording  or  controlling  apparatus 
such  as  temperature,  moisture  and 
pressure  control.  It  will  measure 
from  0.001  ohm  to  1  megohm.  The 
readings  are  taken  from  a  deciide. 
A  meter  is  used  as  a  null  indicator. 
On  all  ranges  the  instrument  re- 


‘STRlJITUBr’  and  “PUATUBE” 


Of  ^Hnyl  boss,  tboso  two  tronsparont  plastic  tubinqs 
porait  Tisual  Inspoctlon  of  oloctrieol  conductors,  quard- 
inq  oqoinst  installation  of  faulty  wirinq.  At  tho  samo 
Hnw  in  "Striatubo",  orlth  its  inloy  ostruMon  of  color 
■tripos,  tho  odditional  odoontaqo  ot  oasy  idontifleation 
Is  proridod.  Ddior  opoquo  or  tronsparont  tubinq  can 
bo  fumishod  with  ono  or  moro  controstlnq  color  str^os. 

Both  "StrUrtubo**  and  'Tliatubo"  horo  oxcoUont  insulat- 
inq  proportios  and  aro  hiqhly  rosistant  to  odds,  olka- 
lios.  oils  and  qroasos.  Avoilablo  in  iormulotions  thot 
roaain  floxiblo  down  os  low  os  minus  tO*  F. 

Writs  for  fochnJcol  Data  and  Prieo  List. 


PRODUCTS  CORPORATION 

6924  Conwgl*  At».  Qoralcmd  3,  Ohio 


"Loss  tkaa  S*  variation  Is  a  24 
kr.  font  of  oar  Sta-Warm  tankl" 


HERE'S 

UN 


ifo^m 


HEAT 


FOR  COMPOUNDS 
USED  IN  HIGH  SPEED 
PRODUCTION 


you 

resins,  chemicals 

realize  how  much  main¬ 
tenance  of  correct,  imiiorm 

temperature  con  help  you  hold  production  at  high  levels? 

Under  factory  conditions,  Sta-Warm  heaters  now  in  use  are  holding 
to  temperatures  within  plus  or  minus  two  degrees.  That's  well  inside 
of  practical  high  speed  working  limits. 

The  reason  Sta-Warm  assures  you  of  uniform  heat  required  on  many 
dipping  or  spraying  operations  is  found  in  the  electrical  circuits  which 
ore  wound  completely  around  sides  and  bottom  of  each  vessel.  Sta-Warm 
makes  heat  availqble. where  it  is  needed.  Accurate  thermostat  control 
does  the  rest,  compensating  for  constant  dipping  of  cold  materials  in 
the  solution  and  compensating  for  fresh  compound  being  added  to 
replenish  supply. 

If  you  are  open  to  a  better  solution  of  your  compound  heating 
problems,  let  Sta-Warm  engineering  service  help  you.  No  obligation. 
Write  .  .  . 


quires  a  few  tenths  of  a  milliwatt 
through  the  resistance  being  meas¬ 
ured.  Measuring  voltage  is  60  cps 
a.c.  Pure  resistance  may  be  read 
directly  in  ohms.'  Impedances  are 
measured  by  comparison  aod 
changes  as  low  as  0.01  percent  are 
indicated. 

A  bulletin  (No.  432)  is  available 
from  Tech  Laboratories,  7  Lincoln 
St,  Jersey  City  7,  N.  J. 


Lightweight  Power 
Transmission  Unit 

A  REMOTE  CONTROL  right  angle 
adapter  is  designed  to  provide  a 
connection  for  flexible  shaft  con¬ 
trol  where  the  space  limitations  do 
not  permit  a  direct  conjunction 
without  bending  the  shaft  in  too 
small  a  radius.  The  unit  is  sturdy 
and  light  in  weight  (0.141  lbs)  and 
may  be  used  in  applications  where 
the  power  transmission  must  of 
necessity  be  at  a  small  radius.  The 
size  of  the  adapter  is  2xUxl 
inches.  The  gear  ratio  is  1  to  1. 
The  maximum  torque  load  is  25 
inch  pounds.  The  connections  are 
§  X  24NF3  threads. 

F.  W,  Stewart  Mfg.  Corp.,  4311 
Ravenswood  Ave.,  Chicago,  Ill. 


Beryllium  Copper  Wire 

Silver  coated  beryllium  copper 
wire  is  available  in  sizes  0.064  to 
0.007  inches.  It  is  trade-marked 
“Silvercote”  and  has  a  guaranteed 
minimum  tensile  strength  of  185,- 
000  pounds  after  hardening. 

Little  Falls  Alloys,  Inc.,  189  Cald¬ 
well  Ave.,  Paterson,  N.  J. 
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'^MERir* 

§§fC<X§£A 

'PiHc1^<uU»P<inU 

. . .  PARTS  manufactured  ex¬ 
actly  to  the  mqst  precise 
specifications. 

Long  manufacturers  of  com¬ 
ponent  radio  parts,  MERIT 
entered  the  war  program  as 
a  complete,  co-ordinated 
manufacturing  unit  of  skilled 
radio  engineers,  experienced 
precision  workmen  and 
skilled  operators  ^  with  the 
most  modem  equipment. 

MERIT  quickly  established 
its  ability  to  understand 
difficult  requirements,  quote 
Intelligently  and  produce  in 
quantity  to  the  most  exact¬ 
ing  specifications. 

Transformers— Coils— Re¬ 
actors— Electrical  Windings 
of  All  Types  for  the  Radio 
and  Radar  Trade  and  other 
Electronic  Applications. 


Smce  1924 


MERIT  COIL  &  TRANSFORMER  CORP. 

311  North  Desplaines  St.  •  CHICAGO  6,  ILL. 


MONARCH  MFC.  CO. 

2014  N.  Major  Ave.  Chicago,  III 


Regulated  Power  Supply 

Model  44  regulated  power  gup. 
ply  is  intended  to  be  used  as  a  lab¬ 
oratory  instrument,  or  wherevt  r  a 
source  of  voltage  of  a  variable  na¬ 
ture  is  desired.  It  has  good  regu¬ 
lation  with  change  in  load  current 
or  line  voltage.  It  can  be  used  for 
either  bias,  filament  or  plate  sup¬ 
ply  voltage.  Output  voltages  of 
from  300  volts  down  to  0  in  three 
ranges  may  be  obtained.  Rated 
d-c  output  current  is  rated  100  mil- 
liamps  on  all  ranges.  Maximum 
power  consumption  is  200  watts; 
voltage  controls  are  of  single  knob 
adjustment  and  range-changing 
switch ;  hum  content  is  12  millivolts, 
rms,  maximum.  The  unit  uses  11 
tubes. 

Radio-Television  Institute,  Inc., 
480  Lexington  Ave.,  New  York  17 
N.  Y. 


Aircraft  Receiver 

This  compact  aircraft  receiver, 
designated  as  Model  AR-IO-A, 
weighs  24  lbs  and  is  designed  to  re¬ 
place  five  or  six  receivers  which  are 
used  in  a  plane  as  it  is  an  all-pur¬ 
pose,  all-frequency  receiver.  It 
has  a  beacon  band  coverage  from 
195  to  425  kc  with  spot  tuning  on 
278  and  271  or  any  other  two  spe¬ 
cific  frequencies.  Communications 
band  coverage  is  from  2500  to  4600 
kc  and  from  4500  to  8000  kc  with 
pre-tuned  circuits  for  twelve  crys¬ 


r— ; 

1  J 

1 

J 

1^' 

: 

tal  controlled  frequencies  anywhere 
in  the  2500  to  10,000  kc  band. 
There  are  two  r-f  channels,  one  for 
frequencies  from  4.5  to  10  Me  for 
the  day  channel  and  one  for  2.5  to 
4.5  Me  for  night  channel.  Image 
attenuation  is  greater  than  65  db. 
An  input  of  two  microvolts  modu¬ 
lated  30  percent  at  400  cycles  pro¬ 
duces  an  output  of  50  milliwatts  at 
a  signal  to  noise  ratio  of  6  db. 

Harvey-Wells  Communications, 
Inc.,  Southbridge,  Mass. 
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SPRING  GRADE  WIRE  Is  Now 
fhe  First  Step  in  Mkre-Precessins 


Better  Coil  Springs  at  No  Added  Cost 

Micro-processing  essentially  is  a  specialized  production 
technique  by  which  the  inherent  electrical  and  mechanical 
properties  of  beryllium  copper  are  con- 

I  trolled  to  produce 
in  coil  springs. 

Years  of  laboratory  research  and  design  ex¬ 
perience  by  Instrument  Specialties  Company 
has  indicated  that  the  ultimate  in  spring 
performance  could  not  be  reached  until  a 
beryllium  copper  wire  of  guaranteed  “spring 
grade”  were  available.  Now,  an  adequate 
supply  of  this  premium  quality  beryllium 
copper  wire  is  an  accomplished  fact  as  the 
data  to  the  left  signifies.  Silvercote  Spring- 
Grade  beryllium  copper  wire  is  being  used 
100%  by  Instrument  Specialties  for  coil 
springs  of  all  types.  As  a  result.  Micro¬ 
processing  can  do  even  a  better  job  than 
ever  before  —  at  no  added  cost  to  you. 

By  using  this  special  wire  with  guaranteed 
premium  spring  qualities,  it  naturally  fol¬ 
lows  that  peak 'spring  performance  is 
achieved  in  the  micro-processing. 


maximum 


ormance 


Meets  higher  specifications  than  established  ASTM  Standards 

“Silvercote”  Spring-Grade  Wire  used  in  Micro-processed  Springs 
has  these  guaranteed  properties:  Guaranteed  minimum  tensile 
strength,  190,000  Ihs.  per  sq.  in.  after  hardening.  High  uniformity 
in  temper.  Accurately  controlled  conductivity. 


Every  Micro-Processed  Coil 


Plain  or  “fancy”  springs  benefit  by  the  addition  of  Spring- 
Grade  Beryllium  Copper  wire  to  the  other  values  of 
Micro-processing  —  higher  safe  working  stresses,  less  loss 
of  tension,  higher  proportional  limit,  maximum  conduc¬ 
tivity,  higher  safe  operating  temperature,  lower  electrical 
loss,  freedom  from  set  or  drift,  and  closer  tolerances. 

It  would  pay  you  to  evaluate  Micro-processed  beryllium 
copper  springs  for  your  own  use.  Instrument  Specialties 
Company  produces  coil  springs  which  out-perform  in 
service  because  every  step  in  their  production  is  con¬ 
trolled  —  beginning  with  Spring-Grade  wire. 


INSTRUMENT  SPECIALTIES  CO.,  INC 


l-S  Bruah  Spring  Data  Sh^et 

TIm  quicker  easier  way  to  pal  Micro-procciainfi 
to  work  fill  out  the  I-S  Data  Sheet  and 
we’ll  do  the  rest.  Write  for  data  sheets  today, 
or  send  your  specificaUons  and  inquiries. 
Remember  Micro-processed  brush  springs  are 
easier  to  assemble,  add  life  to  brushes  and 
give  maximum  performance  in  service. 


nag  enineerms  offices  :  boston  •  cncuo  •  cleveuno  •  pnuisapiM  •  new  tow 
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DEAL  COMMUTAIOA  DRESSER  CO 


Industrial  X-ray 
Film  Illuminator 

According  to  the  manufact;urer, 
this  new  illuminator  (for  viewing 
industrial  x-ray  films)  provides 
four  times  more  illumination  than 
previously  available.  It  has  a  finger¬ 
tip  adjustment  which  attains 
brightness  for  films  of  different 
density,  or  for  different  parts  of 
the  same  film.  The  photofiood  lamps 
of  the  machine  are  designed  with  a 
fan-type  cooling  system  to  avoid 
cracking,  curling  or  damaging  the 
film  from  heat.  A  foot-switch  con¬ 
trols  thse  lamps.  Another  feature 
is  a  spotlight  which  measures  3 
inches  ii  diameter.  The  glass  front 
of  the  spot  is  water-cooled  with  the 
light  ^rom  the  lamp  passing 
through, four  inches  of  water. 

Kelley-Koett  Mfg.  Co.,  Coving¬ 
ton,  Ky.  • 


Premax  Antennas 
Go  Into  Battle 


Where  action  is  the  hardest  .  .  . 
where  the  PTs  and  the  Fleets  move  in, 
Premax  Antennas  are  doing  their  job 
in  maintaining  communications  that  are 
vital  to  Victory. 

When  this  is  over,  Premax  will  have 
an  outstanding  line  of  antennas  for 
commercial  installations. 


Quickly  strips  cotton,  silk,  or 
rubber  from  fine  stranded  or 
solid  wires.  Insulation  is  burned 
(not  cut)  from  wire  by  two  elec¬ 
trically  heated  blades.  No  cut¬ 
ting  or  nicking  of  wire. 


Tube  Voltmeter 

Vaccum-tube  voltmeter,"  Model 
VM-27E,  features  a  high  frequency 
probe  which  permits  close  connec¬ 
tion  to  be  made  to  the  circuit  un¬ 
der  test  at  high  frequencies.  It  is 


Ofvisfon  Chhholm-Ryd9r,  Co.,  Inc. 
4402  Highland  Ava.,  Niagara  Falls,  N.  Y. 


IDEAL  Electric 
MARKING  TOOLS 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


Permanently 
mark  small 
ports  and  fin- 
ished  prod- 
ucts.  Prevent 
mistakes  and 
errors.  Used 
like  a  pencil. 

Makes  7200 

strokes  a  minute.  Available 
with  diamond  point  for  extra 
hard  surfaces. 

IDEAL  ELECTRIC  ETCHER 

All  purpose.  Permaneutly 
marks  all  smooth  surfaced 
steel,  iron  and  their  alloys.  4 
etching  heats. 

Most  compfote  If  so 
on  tho  Morkot 
DETAILS  ON  REQUEST 


simple  to  operate.  Voltages  which 
can  be  measured  range  from  0.1  to 
100  volts  at  d.c.,  and  a-c  and  r-f 
frequencies  to  over  100  Me. 

Alfred  W.  Barber  Labs.,  34-02 
Francis  Lewis  Blvd.,  Flushing,  N. 


A  compact,  sturdy  tarminai  strip  wHh 
Bakalita  Barriars  that  provida  maxi¬ 
mum  matai  to  matal  spacing  and  pra- 
vant  diract  shorts  from  frayad  wiras 
at  tarmlnals. 

4  SIZES 

covar  avary  raquiramant.  From 
wida  and  13/32"  high  with  S-40  screws 
to  2*/i"  wida  and  I*/!"  high  wHh 
V4''-28  scraws. 

Jonas  Barriar  Strips  will  Improva  as 
wall  as  simplify  your  alactrical  intra¬ 
connacting  probfams.  Writa  today 
for  catalog  and  pricas. 


Portable  Transformer 

An  emergency,  portable,  110-volt 
current  source,  1  kva  air-cooled 
unit  (supplied  for  either  440-volt 
primary  and  arranged  with  dual 
fused  secondaries  of  110  volts  each) 
is  availabe  from  The  Acme  Electric 
&  Mfg.  Co.,  Cuba,  N.  Y. 


HOWARD  B.  JONES 

2440  Watt  Gaerga  Straat 
CHICAGO  IB  ILLINC 
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PHECISION 


TUBE  CO. 


SPECIALISTS  IN  ACCURATELY  DRAW^'  TUSING  AND  METAL  SHIELDED  WIRE 

Factory:  3824-26-28  TERRACE  STREET  •  PHILADELPHIA,  PA 


BRANCHES  IN  ALL  PRINCIPAL  CITIES 


SALES  DEPT.  215  05  27TH  AVE.  BAYSIDE,  L.  I..  N.  Y. 
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ASSEMBLIES 
COMPLETE  WITH 

LAMPS: 

We  can  supply  any 
G.E.  or  Westinghoose 
Lamp  together  with 
the  required  Pilot 
Assembly,  thus  sav¬ 
ing  time  in  your  pro¬ 
duction  schedule  .  .  . 
Write  for  samples. 

Illustrated:  (A)  Neon 
Pilot  Light  with  full- 
view  plastic  head.  IB) 
Neon  Pilot  Light  with 
dome  lens.  Lamps  re¬ 
movable  from  front 
of  panel. 


894  BROADWAY  .  .  .  .  NEW  YORK  3,  N.  Y 

Telephone:  Algonquin  4  4770 


CARTER  SOLVES 


For  many  years,  Caurter  Oynsunotors  have  been  a  familiar  part  of  the 
specifications  of  leading  Communication  Equipment  Manufacturers, 
Police  Departments,  Government  Agencies,  etc.  May  we  suggest  you 
submit  your  Dynamotor  requirements  too,  and  see  for  yourself  the 
reason  for  this  recognized  preference. 

The  latest  catalog  of  Carter  Dynamotors,  Converters,  Permanent  Magnet  Generators 
and  Dynamotors,  and  .special  rotary  equipment  will  be  sent  upon  request. 


Fixed  Interval  and 
Repeat  Cycle  Timers 

Series  6800  continuous  running 
repeat  cycle  timers  are  available  for 
either  a-c  or  d-c  operation,  and  with 
from  1  to  8  switches.  Motor  speeds 
depend  upon  the  timing  cycle  de¬ 
sired.  The  manufacturer  can  adjust 
these  timers  to  1  revolution  per  six 
months  if  such  timing  is  desired. 
ST  or  DT  precision  snap  switches 
are  used,  and  are  rated  ten  amps, 
110  volt,  a.c. 

Haydon  Mfg.  Co.,  Box  52,  For- 
estville.  Conn. 


A  Miw  stmts  OF 


fINCORPORATING  G  E.  OR  WESTINGHOOSE  NEON  IAA4PS; 


Cable  Clamp 

Model  0-T  Cable  Clamp  is  for  the 
use  of  radio,  aircraft  and  electrical 
manufacturers.  It  is  a  compres¬ 
sion  type  tool  with  all  parts 
mounted  or  ringed  on  the  cable 
axis  to  facilitate  assembly  time. 
All  parts  are  locked  by  a  simple 


We  manufacture  a  complete  line  of  Pilot 
Light  Assemblies  for  every  possible  use  in 
Aircraft,  Marine,  Radio,  Electronic  and 
Electrical  apparatus.  Send  sketch  for 
prompt  estimates  and  suggestions. 


push-together  and  turning  motion 
which  results  in  a  finished  unit  that 
is  twist-proof,  rupture-proof  and 
water-proof.  It  is  available  in  any 
size  and  shape  and  can  be  adapted 
to  various  types  of  jobs. 

Oxford-Tartak  Radio  Corp.,  3911 
S.  Michigan  Ave.,  Chicago  16,  Ill. 


Magnet  Wire 
Insulation  Tester 

This  repeated-scrape  abrasion 
tester  is  a  device  for  comparing  the 
toughness  of  insulation  on  film- 
coated  magnet  wires.  The  equip¬ 
ment  is  particularly  useful  on 
wires  which  range  in  size  from  No. 
10  to  No.  30  (0.010  to  0.102  inch). 
It  is  portable  and  is  easily  operated, 
and  consists  essentially  of  an  anvil, 
a  clamp  for  holding  the  sample  of 
wire,  and  a  scraper  head  which  is 
drawn  back  and  forth  over  the  film 


1404  Hllwauk—  Ave.  Carter,  a  well  kttawn  ttame  In  radio  lor  over  twenty  years.  Cable:  Oenemotor 
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manufacturer;  of  adlake  hermetically  sealed  mercury  relays  for  timing,  load,  and  control  circuits 
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Automatic  power  control  can  be  no  more  dependable 
than  its  relays.  That  is  why  the  plunger-type  mercury 
relay  is  replacing  other  types.  It  is  the  most  dependable 
relay  thus  far  dereloped  for  many  types  of  service,  be¬ 
cause  dirt,  dust,  moisture,  temperature  changes,  humidity 
etc.  can  not  affect  its  hermetically  sealed  contacts. 

ADLAKE  Plunger-type  Mercury  Relays  are  available 
for  either  quick  or  time  delay  action  . . .  for  A.  C.  up  to 
440  volts . . .  for  D.  C.  up  to  115  volts  (and  higher,  with 
outside  resistors)  . . .  and  contact  capacity  from  a  frac¬ 
tion  of  an  ampere  to  100  amperes.  All  operate  on  the 
same  basic  principle.  All  are  armored  against  outside 
impact.  All  have  htrmetically  sealed  mercury  to  mercury 
centocts  which  are  chatterless,  noiseless  and  arcless. 

For  complete  data,  request  bulletin. 

"Back  tka  Attack— Buy  Boodt" 


Adlake  Relay  No.  1040  — (for  A.C) 

high,  2^"  u>ide,  2%"  pre/ectieu. 
F*r  panel  maimting.  Contact  normally 
epenor  closed.  Quichortime  delay  action. 
Contact  protected  by  metal  armor. 


Th*  above  and  accompanying 
skefches  are  not  mechanical  draw- 
Ingt.  They  show  how  Adlake  Relays 
work,  not  corutruction  detail. 


ELKHART,  INDIANA 


NEW  yORK  •  CH.’CAGO 


ESTABLISHED  IN  1857 


De-energised 

Pioneer  P  is /hating  in  mercmry 
Space  indicated  oy  S  isfilled 
with  inert  gas. 


siMPucm 


llllMS  &  WeSTLIKE  fOMPAM 


Radio  transmission 
Electric  time  controls 
Photo-electric  apparatus 
Heating  and  ventilating 
'  controls 

Production  line  time 
controls 

Remote  and  automatic 
controls 

Air  conditioning  controls 
Signals  and  indicators 
Refrigeration  controls 
Voltage  regulators 
Burglar  alarms 
Electric  coll  systems 
Across  the  line  motor 
start  switches 
Motor  reversing  switches 
Sign  floshers 
Animoted  displays 
Telephone  circuits 
Mill  and  factory  service 
Navigotion  buoy  flasher 
light  controls 
Dry  cleaning  equipment 
Surgical  lighting  controls 
Electrolysis  prevention 
X-ray  control 


LIKE  i 

WALDEN. 

WORCESTER 

TOOLS 


'sk  Your  clobber 

Send  for  Catahcj 
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WORCtSTEft,  MASSACHUSETTS 


surface  by  a  motor-driven  eccentric 
mechanism.  Each  revolution  (con¬ 
sidered  one  scrape)  requires  one 
second.  A  steel  sewing  needle  is 
used  as  the  abrEuiing  device.  A  set 
of  weights  provide  the  necessary 
pressure  for  conducting  the  tests. 

The  tester  is  illustrated  and  de¬ 
scribed  in  Bulletin  GEA-4166  and 
is  available  from  General  Electric 
Co.,  Schenectady,  N.  Y. 


NUMBERING  and 
LETTERING  PRESS 


Rayon  Coil  Winding-Tape 

Kappa  ceix-ulose  acetate  rayon 
coil  winding  tape  is  designed  to 
provide  approximately  52  percent 
increased'  tensile  strength.  The 
tapes  .are  available  in  standard 
widths  from  i  to  li  inches  and  in 
consistent  3,  5,  7  and  10  mil  thick¬ 
nesses.  The  manufacturer  states 
the  average  breaking  load  of  10- 
mil  samples  (1  inch  wide)  recently 
tested  by  an  independent  labora¬ 
tory  was  71.2  lbs.  The  strength  will 
increase  or  decrease  proportion¬ 
ately  for  other  widths.  Other  ad¬ 
vantages  of  the  tapes  are  uniform 
impregnation  with  smooth,  com¬ 
pletely  sealed  surfEice  free  from 
pinholes;  less  varnish  is  needed; 
longer  insulation  life;  higher  di¬ 
electric  breakdown;  and  non-corro¬ 
sive  characteristics. 

William  E.  Wright  &  Sons  Co., 
Industrial  Div.,  West  Warren, 
Mass. 


MODEL  40 


Quiddy  stamps  serial  Humbert 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur¬ 
nished  for  HOT  stamping. 
Write  for  catalog. 


NUMBERALL 

STAMP  &  TOOL  CO 


Hot  Wax  Dip  Tanks 

Two  NEW  ELECTRICALLY*  heated, 
portable,  hot  wax  dip  tanks  which 
meet  Army-Navy  specifications  for 
packaging  for  overseas  shipments 
are  available.  The  first  of  these  is 
called  Twin  Waxmtister  which  is 
used  for  wax  dipping  or  for  heat¬ 
ing  wax  for  spray  lines.  It  has  two 
hot  wax  dip  compartments  (jn- 
.sulated)  in  one  tank.  Thermostats 
provide  positive  temperature  con¬ 
trol  from  100  to  560  degrees  F.  The 
second  tank  is  called  Waxmaster 
Senior  because  it  is  a  larger  adap¬ 
tation  of  the  model  just  described; 
It  measures  25  X  25  x  9J  inches  and 
will  heat  and  melt  up  to  24  lbs.  of 
solid  wax  in  60  minutes  without 
discoloration  or  scorching. 

Aeroil  Burner  Co.,.  Inc.,  West 
New  York)  N.  J. 


'Mixtures 


.  .  .  Spectroscopically  Pure 
,  Easily  removed  frbm  bulb 
without  contamination 

Scientific  uses  for  Linde  rare  gases  include—* 
1.  The  study  of  electrical  discharges. 

''*“2.  Work  with  rectifying  and  stroboscopic 
devices. 

3,  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  heat 
conduaion  must  be  increased  or  decreased. 

;  Many  standard  mixtures  are  available. 
*  Special  mijctures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  "Linde"  if  a  trade-mark  of 


men 

leris 

Coll 


com 

othe 


ELECTRON 


ELECTRONICS 


1  Argon 

1  NH)N 

Xenon 

Krypton 

MIXTURFS 

L-hics 


The  extremely  delicate,  supersensitive  equip¬ 
ment  used  in  modern  warfare  requires  raw  ma¬ 
terial  that  can  contribute  its  share  of  high  quality. 
Collector  Rings,  such  as  used  in  Radar,  signal 
communication,  auto-syn  motor,  searchlight  and 
other  equipment,  fall  in  thfs  category.  Today, 
manufacturers  rely  on  the  improved  performance 
and  longer  life  obtained  from  General  Plate  col¬ 
lector  rings  made  from  solid  or  laminated  silver 


in  whose  manufactured  electroplating  has  no  part: 
•  General  Plate  rings  are  true  to  dimension  and 
produced  in  a  wide  range  of  diameters,  thick¬ 
nesses  and  widths.  Joints  in  the  larger  diameter 
rings  are  silver  soldered  and  hardiv  visible. 

If  your  manufacturing  of  equipment  calls  for 
collector  rings,  it  w  ill  pay  you  to  consult  General 
Plate.  Our  engineers  will  work-,  with  you  on 
your  requirements.  ■ 


of  Metals  &  Controls  Corporation 

Metals  and  Controls  Corporation  Divisions  manufacture  the  followinn  products:  Laminated  &  solid  precious  metals, 
electrical  contacta— Solid  and  rolled  plated  precious  metals  in  all  forms— Truflex  Thermostat  Metals. 

ATTLEBO.  RO,  MASSACHUSETTS 
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General  Plate  Division 
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VARIABLE 

DIMMING 

PILOT  LIGHT 
ASSEMBLIES 
by  DIALCO 


To  regulate  the  intensity  of  light, 
this  new  Dialco  unit  has  a  superior 
mechanicaJ  shutter  built  into  the 
knurled  bead.  This  Vori-Dini  Jewel 
Head  assembly  con  also  be  readily 
applied  to  any  of  the  CS  series  of 
Pilot  Lrahts  li^ed  in  our  24-page 
Cotolo^e  No.  43.  Write  for  a  copy. 

s^Plws  LAMPS... 

help  speed  ptoduction,  Dialco  oiiera 
Q^PUol  Lights  completely  oasembled  with 
or  Weetinghouse  Lamps — any  type  or 
voltage.  Samples  submitted  on  request. 


Interelectrode  Capacity 
Meter 

This  direct-reading  instrument 
(Model  27)  provides  accurate  meas¬ 
urement  of  vacuum  tube  interelec¬ 
trode  capacitances.  It  has  a  range 
of  from  0.001  to  100.0  mmfd,  with 
an  accuracy  of  5  percent  or  better 
on  all  five  steps.  On  the  lowest 
range,  increments  as  low  as  0.00001 
mmfd  may  be  used.  Measurement 
is  made  at  radio  frequency  in  a 
crystal-controlled  circuit  having 
all  voltages  automaticEilly  regulated 
for  maximum  operating  stability. 

Bulletin  A-344  describing  the 
construction  and  use  of  this  meter 
is  available  from  Technical  Appar¬ 
atus  Co.,  1171  Tremont  St.,  Boston 
20,  Mass. 


Fluxed  Wire  Solder 

A  NEW  TYPE  OP  FLUXED  wire  solder 
(cEilled  Fluxrite)  contains  flux  in 
longitudinal  grooves  on  the  surface 
rather  than  in  the  core.  The  flux 
liquefies  and  flows  onto  the  work 
before  the  solder  melte.  It  is  always 
visible  to  the  user  and  can  be 
quickly  checked  to  detect  gaps  or 
voids.  The  solder  is  available  in 


Pointing 
the  way,... 

WITH  UHERRIN6  ACCURACY 


Today,  as  a  result  of  American  en¬ 
gineering  skill  ingeniously  applying 
amplification  principles  to  highly 
specialized  instruments,  thousands 
of  amplifiers  hy  “Eastern”  help  to 
guide  our  army  and  navy  bombers 
with  unerring  accuracy  in  success¬ 


fully  completing  their  vital  missions. 
Our  engineering  staff  invites  your 
inquiry — large  and  small  production 
runs,  even  single  units,  receive  our 
usual  prompt  attention.  (Trite  for 
Bulletin  98. 


BACK  THE  ATTACK  ★ 
BUY  WAR  BONDS  « 


EASTERN 


AMPLIFIER  GORP. 

7M  L  140th  SL.  Ntw  Vwh  S4.  N.V. 


the  same  diameters  tts  regular 
cored  solder  and  comes  in  two  com¬ 
positions  designated  as  Red  Stripe 
and  Green  Stripe.  These  color 
designations  are  for  easy  identifi¬ 
cation. 

National  Lead  Co.,  Ill  Broad¬ 
way,  New  York,  N.  Y. 


Literature _ 

Controls.  Bulletin  697  contains  8 
pages  of  data  on  standard,  midget, 
sub-midget  and  elf  radiohms,  as 
well  as  switch  covers,  shafts  and 
bushings  that  apply  to  this  manu¬ 
facturer’s  controls.  Parts,  detailed 
engineering  drawings,  specifica¬ 
tions  and  resistance  curves  are  in¬ 
cluded.  Centralab  Div.,  of  Globe- 
Union  Inc.,  900  E.  Keefe  Ave.,  Mil¬ 
waukee,  Wis. 
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iONiCS 


For  timpU  Mrvicinp,  such  at  th«  raplacamtnt  of 
hibat,  th«  dutt  cover  it  romovod  by  roUoting  two 
cenvoniont  tnap  catchot.  Tahot  but  a  moment. 


For  comploto  torvicing,  the  ontiro  chattit  can  bo 
romovod  from  Hio  vohicio  by  roloating  four  tnap 
catchot.  All  wiring  it  inttantly  occottiblo. 


FOUR  CATCHES  EXPOSE  ENTIRE 
UNDERCHASSIS  FOR  SWIFT  SERVICING 


There  is  no  "get  out  and  get  under” 
when  it  comes  to  servicing  or  check¬ 
ing  Kaar  receivers. ..they  can  be  lifted 
out  of  a  vehicle  in  a  matter  of  seconds. 

In  fact,  the  speed  with  which  they  can 
be  serviced  is  one  of  their  most  popu¬ 
lar  features. 

Another  is  the  no -signal  squelch 
circuit  which  automatically  silences 
the  receiver  except  when  a  call  is  ac¬ 
tually  being  received.  This  is  a  bless¬ 
ing  in  military,  civil,  or  private  radio¬ 
telephone  communication,  where  a 
wavelength  must  be  guarded  and  con- 

*Sptt  ial  ranges  to  7000KC 


tinual  background  noise  jangles  the 
nerves. 

The  1 1-X  is  operated  by  a  control 
unit  which  can  be  mounted  on  the 
underlip  of  the  dash.  This  unit  con¬ 
tains  a  jewel  light  to  indicate  when 
receiver  is  on,  a  squelch  circuit  switch, 
and  a  combination  volume  control 
and  power  switch. 

The  Kaar  11-X  receiver  is  crystal 
controlled,  and  may  be  tuned  for  any 
frequency  from  1600  to  2900  KC.* 
(For  frequencies  between  30-40  MC. 
specify  the  Kaar  PRS-9X.) 

available  on  special  order. 


KAAR 

ENGINEERING  CO. 


PALO  ALTO  «  CALIFORNIA 


Manufacturars  of  high  grad# 
mobila  and  control  ttolion 

RADIOTELEPHONE  EQUIPMENT 
AND  ACCESSORIES 

Export  Agents: 

FRAZAR  &  HANSEN 

301  Cloy  Stroot 

Son  Francisco  1 1,  California, U.S. A. 
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Indent  Type  Electrical  Connectors. 
“Hydent”  connectors  are  for  use 
in  a  wide  variety  of  applications  in 
marine,  aircraft,  electronic  and 
electrical  manufacturing  industries 
and  Technical  Bulletin  No.  6050 
gives  detailed  information  about 
them.  Burndy  Engineering  Co., 
Inc.,  107  Eastern  Blvd.,  New  York 
54,  N.  Y. 


Wire  &  Ribbon 


Glass-Bonded  Mica  Insulation.  An 
attractive  brochure  called  “Myk- 
roy”  (the  name  ■  of  glass-bonded 
mica  insulation)  gives  all  the  per¬ 
tinent  data  and  contains  many  il¬ 
lustrations  of  this  electrical  in¬ 
sulation,  which  is  available  in 
ample  quantities  and  can  be  sup¬ 
plied  in  various  forms.  A  free 
sample  of  insulation  is  contained 
in  an  envelope  in  the  back  of  the 
brochuTif.-  This  envelope  is  pro¬ 
vided  as^  handy  file  in  which  ma¬ 
terial  mi^  he  kept  for  reference. 
Electronic^  Mechanics,  Inc.,  Clif¬ 
ton,  Nv 


SILVER 


Refiners  &  Manufacturers 
NJJIJI.  Ave.  at  OliTor  Street 
Newark  S.  N.  I. 


New  Hoi)^  Organ.  “Allied  News” 
is  the  name  of  a  new  house  organ 
which  is  service  to 

engineers,  technicians  and  users 
of  radio  and  electronic  equipment. 
The  idea  behind  this  publicj&t;ion 
is  to  keep  its  readers  posted  on 
new  products,  provide  data  on  de¬ 
velopment  in  the  electronic  field, 
and  to  survey  topics  of  general  in¬ 
terest.  Allied  Radio  Corp.,  833  W. 
Jackson  Blvd.,  Chicago  7,  Ill. 


This  power-supply  unit  is  used  in  elec¬ 
tronic  research  and  development  lab¬ 
oratories  for  amplifiers,  television  pulse 
generators,  constant-frequency  oscilla¬ 
tors,  high-spe^  electronic  counting 
devices — wherever  moderate  amounts 
of  d-c  power  are  r^uired  within  the 
voltage  range  of  from  250  to  450  volts. 

Designed  in  the  famoiw  G-E  labo¬ 
ratories,  this  is  only  one  of  the  new 
General  Electric,  line  of  ELECTR(Miic 
Measurinq^  tesTRUMENTS.  A  wide 
choice  of  cotp^^tct  apparatus  for  ser¬ 
vice  maintenance  and  research  include: 
G-E  unimeters,  capacitometers,  audio 
oscillators,  wide  band  oscilloscopes, 
square  wave  generators,  signal  gener¬ 
ators,  and  other  imits  for  measuring 
electronic  circuits  and  checking  com¬ 
ponent  parts. 

•  W«  inviim your  inquiry  for  G-E oloctronio 
moMUuring  oquipment  mmde  to  moot  your 
opociEo  roqutromontt. 


Industrial  X-Ray  Units.  Picker 
250-kv  industrial  x-ray  units  are 
available  in  jib  crane,  mobile  and 
dolly  types  and  are  completely  il¬ 
lustrated  and  described  in  Bulle¬ 
tin  1144.  Picker  X-Ray  Corp.,  360 
Fourth  Ave.,  New  York,  N.  Y. 


•Dalis  is  supplying  radio 
and  oloctronic  motsrials  to 
many  branchos  ol  tho 
onnod  iorcss.  war  plants, 
sub-contractors,  kxbora- 
loiies,  training  schools.-«tc. 

Ample  stocks  on  hand  pro- 
Tide  prompt  shipment  on 
many  items.  And  if  required 
items  ore  not  in  stock.  DoBs 
go-gets  'em  for  you  in  short¬ 
est  possible  time. 

•Try  Dalis  —  write, 
wire  or  'phone  . . . 

H.L.DAUS,1m. 

DiotrlbutorM  of 

RADIO  4  ELECTRONIC  tOmiB 
17  VaiM  Muor*  •  N»w  Yark.  M.  T. 

RRmm:  ALqomqtdn  441114-4444 


Capacitors.  Various  Army-Navy 
type  bathtub  capacitors;  oil-filled 
oil-impregnated  can  tsrpe  capaci¬ 
tors;  and  various  mica  capacitors 
are  available  for  immediate  deliv¬ 
eries  and  are  listed  in  a  4-page 
folder  (Form  XI)  available  from 
Sprague  Products  Co.,  North  Ad¬ 
ams,  Mass. 

Electronic  Tubes.  Catalog  No.  RS 
gives  complete  information  and 
technical  data  on  phototubes,  recti¬ 
fier  tubes,  and  grid  control  tubes 
(Thyratrons)  available  from  The 
Continental  Electric  Co.,  Geneva, 


ELECTRONICS  # 

OEMRTMENT 

CENnAL  ELECTRIC  CO. 

SciMMctady,  N.  T. 

Please  aeod,  without  obliKation  to 
me,  the  (ieneral  Electric  Measuring  In¬ 
strument  Catalog.  E-4  (loose-leaf),  for 
my  information  and  flies. 

Name _ _ _ 


Company. 

Addre*a_. 


E/gcfreale  M«as«rlRg  I»$tr&me0tt 


ELECTRONICS 


TO  INDIA'S  CORAL  STRAND 


Is  Setting  New  Records  of  Dependability  and  Efiiciencv 


Modern  war,  with  its  rigorous  demands  on  coin- 
munieations  equipment,  requires  vibrator  power 
supplies  that  can  o}>erate  under  great  extremes  of 
heat,  cold  and  humidity,  and  are  able  to  with* 
stand  terrific  jolts  and  jars. 


input  and/ or  output  voltages,  including  indepen* 
dent  bias  supplies  and  AC  or  DC  filament  power 
in  addition  to  plate  and  screen  potential. 

With  these  and  other  Mallory  improvements,  the 
Vibrapack  carries  tremendous  implications  for 
new*born  pnxlucts  of  today  and  tomorrow.  If  you 
are  looking  for  a  method  of  obtaining  high  voltage 
DC  current  from  a  low  voltage  source,  we  shall 
be  glad  to  send  you  further  inf^ormation.  -  r 

*  VUrmpark  is  the  r#^.«|rrpc/  trademark  of  " 

P,  H.  \1oUttry  dt  Co.,  /nr.,  for  vibratitr  power  supplies. 

Hermetically -Sealed 
MALLORY  Vibrators 

■m  Fully  protected  against  corrosive  fumes, 
S  extrifiiM  of  atmospheric  pressure  and  mois- 
■  tureVladen^Jur,  Mallory-  hermetically -sealed 

B  vihrktors  operate  under 'ideal  conditions 

^  *  for  Economy  "and  long  life. 


The  Vibrapack  meets  these'  conditiorts  unfail* 
ingly  in  its  use.  with  our  armed  forces.*  Military 
restrictions  prevent  our  showing  the  latest  .Vibra* 
pack  units,  but  here  are  some  of  their  features: 


Hermetically  *  sealed  "  vibrators  and  other  com* 
ponents  .  .  .  rigid  anchorage  of  parts  to  w'ith^tand 
abnormal  vibration  .  .  .  special  mechanical  designs 
and  mountings,  including  duplicate  mountings  for 
replacement  of  other  equipment . . .  w  ide  band  and 
special  band  RF  "hash’’  filtering  .  .  .  multiple 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


VIBRATORS 

AND  VIBRATOR  POWER  SUPiPtlES 
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THE  ASTATIC  CORPORATION 

YOONGSTOWN.  OHIO 


Radio  Components.  A  new  and 
comprehensive  46-page  catalog  con¬ 
tains  detailed  information,  dimen¬ 
sions,  specifications,  blue  prints 
and  photographs  of  a  complete  line 
of  sockets,  plugs,  terminal  strips, 
switches,  assemblies,  and  phistic 
fabricated  parts.  A.  W.  Franklin 
Mfg.  Corp.,  175  Varick  St,  New 
York  14,  N.  Y. 


Being 

GROOMED 


Induction  Heating  for  Steel  Parts. 
A  32-page  book  entitled  “The  Tocco 
Process”  describes  the  application 
of  this  process  in  induction  heating 
of  carbon  steel.  Chapters  in  the 
book  cover  The  Underlying  Prin¬ 
ciple;  Metallurgy  of  the  Induction 
Principle;  Carbide  Solution;  a 
table  of  Hardness  Tests;  Super¬ 
hardness;  Equipment  (a  15-kw  in¬ 
duction  heating  machine  is  de¬ 
scribed  in  this  issue  of  Electronics  j 
in  the  “New  Products”  column);] 
Surface  Hardening;  Heat  Treat¬ 
ing;  Normalizing  and  Annealing; 
Brazing  and  Soldering;  and  Heat¬ 
ing  for  Forging  and  Forming.  The 
author  of  the  book  is  the  research 
and  development  engineer  (Dr.  H. 
B.  Osborn,  Jr.)  of  Tocco  Division, 
The  Ohio  Crankshaft  Co.,  Cleve¬ 
land  1,  Ohio. 


if  The  mcmufacturing  today  of  many  ports 
and  products  for  electronic  equipment  used  in  America's 
great  military  machine  is  grooming  The  Astatic  Corpo¬ 
ration  for  an  important  role  on  the  electronic  peacetime 
stage  being  set  for  tomorrow.  On  many  fighting  fronts 
and  in  many  wartime  industries.  Astatic's  Microphones, 
Pickups,  Cartridges,  Radio  Co-axial  Coble  Connectors 
and  certain  electronic  unmentionables  are  now  aiding 
materially  in  the  prosecution  of  the  war. 


Radio  Frequency  Lacquer.  The 
name  of  this  lacquer  is  Q-ma.x, 
A-27,  and  its  electrical  and  physi¬ 
cal  properties  are  given  in  a  24- 
page  booklet  called  “Q-max.”  Also 
illustrated  graphically,  for  a  wide 
frequency  range,  are  the  dielectric 
constant,  power  factor  and  loss  fac¬ 
tor.  Data  are  included  for  dielec¬ 
tric  strength,  density,  drying  time, 
adhesion  and  other  characteristics. 
Communication  Products  Co.,  744 
Broad  St. 


•  Just  1 
seven  g 
assembi 


Thousa 

assembi 

rigorou 


FOR  EVERY  RADIO 
ELECTRICAL  AND 
ELECTRONIC  USE 


tience  i 
positiof 


Newark,  N.  J 


The  tmporfaiice  of 

MICA 

for  National  Dofenso 

Mica  spark  plugs  ars  a  vitol 
part  of  our  high-speed  Diye- 
Bombers.  NO  OTHER  MA¬ 
TERIAL  could  stand  the 
terrific  changes  in  tempera¬ 
ture  encountered  at  high  ol- 
titudesl 


Manual  of  Prefabri- 


Structure 
cated  Steel.  To  aid  engineers  now 
engaged  in  post-war  planning, 
there  is  available  a  40-page  book 
“Lindsay  Structure  Manual”  which 
describes  this  strong,  light-steel 
prefabricated  construction  that  can 
be  assembled  with  simple  wrenches 
and  which  may  be  used  for  cabinets 
and  enclosures  on  various  types  of 
electronic  equipment,  as  well  as  in 
other  industrial  and  marine  appli¬ 
cations.  Lindsay  and  Lindsay,  222 
W.  Adams  St.,  Chicago,  111.,  or  60 
East  4i2nd  St.,  New  York  17,  N.  Y. 


ioMpk  J.  Loim,  eracMmit 

538  63rd  Street  Brooklyn,  N.  Y. 

ittablisbed  1917  •  Telepfcoae;  Windsor  9-8300 
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ELECTRONICS 


and 
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prints 
*  line 
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Sylvania  assembly  teams  compete  with  each  other. 
But  the  champion  in  accuracy  always  takes  pre¬ 
cedence  over  the  champion  in  speed. 


•  Just  as  seven  men  fight  as  a  team  in  a  bomber, 
seven  girls  work  as  a  team  at  a  Sylvania  Radio  Tube 
assembly  bench. 

Thousands  of  fine  precision  radio  tube  parts  are 
assembled  into  a  finished  produa  that  must  pass 
rigorous  tests  for  ruggedness  and  sensitivity. 

This  is  work  that  calls  for  the  feminine  touch,  pa¬ 
tience  and  sense  of  detail.  Each  girl  “plays  the 
position”  on  the  team  best  suited  to  her  ability. 


This  teamwork  is  just  another  example  of  how 
Sylvania  maintains  radio  tube  production  at  the 
highest  standard  of  quality  anywhere  known. 


You  can  sell  Sylvania  Radio  Tubes  with  complete 
confidence. 


ELECTRIC  PRODUCTS  INC 


RADIO  ruses,  cathode  say  ruses,  eLecrsoNic  Devices,  incan. 

DESCENT  LAMPS,  ElUOKSCENT  LAMPS,  FIXTURES  AND  ACCESSORIES 
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PUNCH  IN  HOLES  INDICATED 


This  photo  transmitted  by 


men  facsimile 

D|y  VERS  PICTURES  &  TEXT 
RADIO  OR  V/IRE 


Finch  Teleeommonicationj,  Inc.,  Passaic,  N.  J. 


THE  HOPP  PRESS,  INC. 

pnixTiMG  »«»"  CATme  rontt  na 

460  W.  34th  STREET,  N.Y.C, 


Photoelectric  Colorimeters.  A 
folder  on  Lumetron  photoelectric 
colorimeters  (Model  400- A  and 
Model  400-G)  describes  and  illus¬ 
trates  these  instruments  which  are 
designed  for  speed  and  accuracy  in 
colorimetric  and  turbidimetric  an¬ 
alysis.  Photovolt  Corp.,  95  Madison 
Ave.,  New  York  16,  N.  Y. 

Signal  Systems.  “Cannon  Signal 
Systems”  for  the  modern  hospital 
is  the  title  of  the  new  16-page  cat¬ 
alog  which  describes  and  illustrates 
nurses  call  and  doctor’s  paging 
systems,  registers,  time  recorder, 
special  switches  and  light  Accord¬ 
ing  to  the  manufacturer  the  leading 
feature  of  these  systems  is  a  new 
single  dial-control.  The  systems 
may  also  be  used  in  factories  or 
large  offices  where  paging  must  be 
done  silently.  Signal  System  Dept, 
Cannon  Electric  Development  Co., 
3209  Humboldt  St,  Los  Angeles  81,  < 
Cal. 

Inter-Communication  Systems.  Cat 
alog  1944  describes  and  illustrates 
many  types  of  models  of  com¬ 
plete  inter-communication  systems 
available  in  10,  20,  30,  40,  50,  60, 
80  and  100  stations.  Talk-A-Phone 
Mfg.  Co.,  1219  W.  Van  Buren  St, 
Chicago,  111. 

Guide  for  Settling  Cancelled  War 
Contracts.  This  Guide  tells  how  to 
organize  a  claims  division ;  how  the 
claims  division  can  function  effi¬ 
ciently;  what  forms  to  use;  and 
how  to  expedite  the  payment  of 
claims.  It  was  written  by  J.  J. 
Carroll  out  of  his  experience  in 
supervising  the  settlement  of 
claims  resulting  from  eighteen 
million  dollars  worth  of  cancelled 
contracts.  The  book  is  published 
by  Cope  Inc.,  3800  Chester  Ave., 
Cleveland  14,  Ohio,  and  is  avail¬ 
able  for  $2.50. 

Vacuum  Tube  Data.  “Gammatron 
Electronic  Products”  is  the  title  of 
bound  data  sheets  which  describe 
Gammatron  tubes.  Heintz  &  Kauf¬ 
man  Ltd.,  South  San  Francisco,  Cal. 

Radio  and  Electronic  Equipment. 
This  new,  1944  catalog.  No.  94,  is 
a  catch-all  of  the  latest  supplies 
available  for  radio  and  electronic 
equipment.  It  contains  104.  illus¬ 
trated  pages  and  gives  information 
on  nearly  50,000  individual  items. 
Lafayette  Radio  Corp.,  901  W.  Jack- 
son  Blvd.,  Chicago  7,  Ill. 


TECHNICAL 

NOTES 


Excerpts  from  New  Home  Study 
Lessons  Being  Prepared  under 
tke  Direction  of  the  CREI 
Director  of  Engineering  Texts 


The  Use  of 

Q  Tlifei^enin's  Theorem 
2  In  Circuit  Analysis 


For  the  present,  Finch  manufac-  * 

*  taring  facilities  are  being  de-  * 

*  voted  to  special  radio  apparatus  * 


^  U.  S.  SIGNAL  CORPS 
.  U.  S.  NAVY 

U.  S.  ORDNANCE  DEPT. 

*  F.  C.  C. 

*  F.  B.  I. 

*  U.  S.  TREASURY  DEPT. 

*  andWARMANUFACTURERS 

FINCH  TELECOMMUNICATIONS,  lie 

PASSAIC,  N.  J. 


The  inbiect  of  "Th<venin’t 
Tbcorcoi”  is  but  one  of  many 
that  are  being  constantly  re¬ 
vised  and  added  to  CREI  les¬ 
sons  by  A.  Preisman,  Director 
of .  Eogincering  Texts,  under 
the  personal  supervision  of 
CREI  President,  E.  H.  Rietxke. 
CREI  home  study  courses  are 
of  college  calibre  for  the  pro¬ 
fessional  engineer  and  techni¬ 
cian  wbo  recognizes  CREI 
training  as  a  proven  program 
for  personal  advancement  in 
the  field  of  Radio-Electronics. 
Complete  details  of  the  home 
study  courses  sent  on  request. 
.  .  .  ash  for  36-page  booklet. 


SCALES,  GAUGES. 
CALCULATORS, 
CHARTS,  DIALS,  ETC. 


•  lapfirvlois-to  noiitire,  gtease, 
•lit,  icidt,  alkalis. 

•  PriatlRg  saaraitMd  aot  to  wash 
or  mb  off. 

•  Noi-iiflamaable,  loo-eorrotive 
plastic. 

•  Priitod  sad  laaiaated  viiyKte  aad 
celliiloso  acetate. 

SSMTIfS  AM  SStUSAteS  SIlAOLV  SVVeuCO  0«  MOVtSt 

.  HITl  DtSANTMaV  ■.  k 


Capitol  Radio 

ENGINEERING  INSTITUTE 

E.  H.  RIETZKE,  President 

Home  Study  Courses  in  Practical 
Radio-Electronics  Engineering  for 
Professional  Self-Improvement 

Dept.  1-4,  3224— Utfc  Street,  N.  W. 
WASHINOTON  10.  D.  C. 

Contractors  to  the  U.S.  Navy — U.S. 
Coast  Guard  —  Canadian  Broadcasting 
Corn.  —  Producers  of  Well-trained 
iMbnical  Radiomen  for  Industry. 
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The  success  of  Okonite  cables  designed 
for  today’s  electronic  applications  de< 
pends  on  work  sUrted  over  10  years 
ago  by  Okonite  Research  engineers 
when  they  first  commenced  to  use  syn¬ 
thetics.  Some  types  such  as  neopi^ene, 
koroseal,  vinylite,  and  thiokol  were 
soon  found  to  have  immediate  appli- 
nations,  although  there  seemed  to  be 
no  ready  application  for  certain  other 
types  which  had  unusual,  distinctive 
characteristics. 

Typical  Synthaitic  Matarials 


With  the  start  of  the  war  and  the 
rapid  progress  made  in  extending  the 
range  of  electronic  equipment,  cables 
were  demanded  having  insulations 
with  characteristics  quite  different 
from  those  used  for  ordinary  power 
applications.  The  early  research  only 
then  began  to  bear  fruit  and  some  of 
these  new  synthetics  provided  the  an¬ 
swers  to  other  war-time  problems.  The 
accompanying  tabulation  lists  several 
of  the  synthetics  available  for  use  on 

th  Promising  Characteristics  for  Use  < 


cables  and  indicates  their  possibili¬ 
ties.  Some  already  are  used  daily  in 
our  regular  cable  production.  Others 
are  only  awaiting  a  need  as  yet  un¬ 
identified.  Perhaps  you  have  a  prob¬ 
lem  we  can  solve  with  these  or  other 
synthetics.  Why  not  state  your  cable 
needs  and  let  Okonite  engineers  make 
recommendations.  We  have  both  the 
equipment  and  the  “know  how”  that 
can  help  provide  a  solution.  '• 

Electronic  Wires  and  Cables 


Ch*niicol  Type 


Um  on  Dloloctrk  •  Powof  Dioloctric  _  .  .  ,  Physical  Oil 

CoMo  Comfont  Fcktor  Stronoth  Proaorfiot  losislonco  7™ 


■um  RUMiR  Isobvtylono-DtoloHn  Insolation  E  I  P  .  E  G  P  G 

_ Copolymor 


POLYRUTENE 


POIYTHENE 


XOROfiEAl 


Isobotylono  Polymor 


Ethyiono  Polymor 


PlosHciiod  Vinyl 
CMorido  Pofymor 
Plasticisod  Vinyl  ChloHdo 
Vinyl  Acotato  Copolymor 
Rvtadlono-Styrono 
Copolymor 


mswlcrtion 


Insolation 


insolation 
or  Jackot 
Insolotion 
or  Jackot 
Insolation 
or  Jackot 


VWYLITI 


■UNA  S 


■UNA  N  Rotadiono-Acryfonilrilo 

Copolymor 

NtOroENE  Chlereprono  Polymor 

TMIOKOl  Orgcmic  PolysoMdos 


t~txcollont,  G— Good,  F— Fair,  P— Poor.  Physical  proportios  incliido  lonsilo  sironeth,  oiongotien,  modolos,  tooghnoss  and  abrasion  rosislonco. 


THE  OKONITE  COMPANY 


PASSAIC  NEW  JERSEY 

SINCE  1S7S 


Wiros  and  Coblos  Insulated  with  Robbor,  Vomlshod  Cambric,  -Papor,  Glass  and  Synthotics  hr  CMtrol,  Commonlcalion,  Powor  and  Lighting  in 

tho  Eloctrical  and  Eloctronic  Fiolds 
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THE  APPLICATION 

( Co-Axial  Cables 

OF  SYNTHETIC  INSULATIONS  TO  High  Voltage  Cables 

I  High  Frequency  Cables 


Typical  Okonito  Coblos 
for  oloctronic  wsos 


Variable  Capacitors.  These  ca¬ 
pacitors  are  for  radio  and  elec¬ 
tronic  heating  uses.  A  4-page  folder 
(designated  as  Condenser  Catalog 
75-C)  gives  complete  information 
on  this  line  of  heavy-duty  capaci¬ 
tors.  Barker  &  Williamson,  235 
Fairfield  Ave.,  Upper  Darby,  Pa. 

Radio,  Electronic  and  Electrical 
Parts.  “Approved  Precision  Prod¬ 
ucts”  is  the  title  given  to  the  1944 
catalog  which  includes  radio,  elec¬ 
trical  and  electronic  parts.  Sizes, 
dimensions  and  rated  capacities, 
together  with  list  price  are  given. 
P.  R.  Mallory  &  Co.,  Inc.,  3029  E. 
Washington  St.,  Indianapolis  6, 
Ind. 

Cowl  Fasteners.  Engineering  and 
procurement  data  are  contained  in 
Catalog  AD-2  which  is  a  new  re¬ 
print  of  the  manufacturers’  cata¬ 
log  published  in  July  1942.  It  is 
a  30-page  booklet,  printed  on  white 
coated  paper,  and  contains  all  the 
pertinent  data  one  needs  to  know 
about  these  fasteners.  Aviation 
Division,  Shakeproof  Inc.,  2501  N. 
Keeler  Ave.,  Chicago,  Ill. 

Gage  and  Gage  Instruments. 
“Quality  Control”  is  the  name  of  a 
new  handbook  on  scientific  in¬ 
spection  with  DoAll  gages  and 
gage  instruments.  It  contains  64 
pages  of  descriptive  literature  and 
illustrations. 

The  purpose  of  the  handbook  is  to 
give  the  reader  a  working  knowl¬ 
edge  of  this  phase  of  production. 
Continental  Machines  Inc.,  1301 
Washington  Avenue  South,  Min¬ 
neapolis  4,  Minn. 

Die-Less  Duplicating  Catalog.  This 
catalog  No.  44-6  is  a  newly  re¬ 
vised  and  enlarged  catalog  con¬ 
taining  descriptive  data  of  Di- 
Acro  Products.  It  contains  data 
on  two  new  machines  recently 
added  to  the  manufacturer’s  line 
of  products — namely,  the  radius 
brake  and  Bender  No.  3.  O’Neil- 
Irwin  Mfg.  Co.,  Minneapolis  15, 
Minn. 


For  a  dopondrxble  sourco  of  oloctricitr  on  proiocts  remoto 
from  commordol  powor,  Oncra  Eloctric  Plonta  ecro  proTon 
loadon  in  dio  fiold.  Moro  thon  holf  of  Uio  Annod  Forcoi' 
total  roquiromonts  for  Power  Plemti  are  bnUt  by  Onon. 


Goioline-driTen  .  .  .  Single-unit  compact  design  .  .  .  Sturdy 
construction  .  .  .  Suitable  for  mobile,  stationary  or  emer¬ 
gency  serrice. 

^  Over  15  models,  ranging  in  slses 

^  from  aSO  to  SSiKlO  watts.  SO  to  100 

9  CTcles,  110  to  MO  Tolts,  A.C. — 6  to  4000 

H  Tolts,  D.C, — Also  dual  A.C. — ^D.C.  ont- 

put  tTPos. 

Oescripthre  literature  sent  promptly 
on  request. 

OMAN  &  SONS 

3250  ROYALSTON  AVE. 
MINNEAPOLIS.  MINN. 


HAIRSPRINGS 

FOR 

Electrical  Equipment 
Aircraft  Instruments 
Speed  Indicators 
Accurate  Gauges 


Made  from  appropriate  materials  se¬ 
lected  for  electrical  resistance,  minimum 
drift  requirements,  and  endurance  life. 
Furnished  with  or  without  collets — and 
with  ends  bent  as  desired. 


SPRINGS 


STERILAMPS,  used  to  irradiate 
newly  hatched  chicks,  have  reduced 
mortality  to  less  than  one-third  dur- 
nig  the  first  16  days  of  life.  Chicks 
given  the  treatment  reached  in  five 
weeks  a  weight  previously  attained 
in  eight. 


ELECTRONICS 


I 


FREQUENCIES— 0, 


FREQUENCIES  ^ 

10.20,  40,60.  SO  100  120  1-iO,  160  ISO  ISO 

Accura(y:  10  parts  in  1,000,000 
Output:  30  volts  at  500,000  ohms 
Input  103-125V,  J5(?-6£lr,  W  watts 
Weight:  50  pounds 


ere  it  id 


ifjoddi 


Ue?  WJl 


This  Multi*  frequency  generator  fur¬ 
nishes  the  frequencies  shown  above  at 
the  turn  of  a  switch.  All  frequencies  are 
obtained  from  a  temperature-compen¬ 
sated  tuning  fork  and  voltage-stabilized 
circuit. 

With  this  unit  it  is  possible  to  calibrate 
osr*".ators  at  many  seleaed  points  with¬ 
out  encountering  complex  oscilloscope 
patterns.  One  of  the  uncertainties  in¬ 
volved  in  development  work  on  tuned 


circuits,  filters,  reeds — and  in  time  meas¬ 
urement  can  be  minimized  with  the  aid 
of  this  instrument. 

Developed  primarily  to  check  frequency 
meters  for  precision  war  work,  this 
Multi-frequency  generator  possesses  a 
rugged  durability  and  dependability  in 
service  that  will  prove  an  extra  value  to 
many  laboratories. 

Additional  information  available  on  re¬ 
quest. 


Manufact  urer  o\ 
the 


and  distributor  of 
Western  Electric 
Watch -rate  Recorders 


American  Time  Products, 

580  Filth  Avenue  INC.  New  York  19,  N.  Y. 
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EENiTiRWilNlt: 


CENTRAL  PAPER  COMPANY 
INCORPORATED 


3454  Lakeshore  Drive,  Muskegon,  Michigan 


Medical 

Electronics 


Tomorrow? 


UTi/l free  enterprise  prevail? 

Will  there  he  religions  tolerance  or 
intolerance? 

'  Will  racial  prejtuiices  grow  or  dis¬ 
appear? 

Will  labor-management  bog  down 
b^ore  selfish-interest  blocs? 

Will  commerce  and  industry  be  re¬ 
stricted  or  expanded  into  a  world 
wide  renaissance? 

The  answer  is  in  what  each  of  us 
thinks  and  does.  Do-nothing 
waiters  will  be  with  us  always, 
but  they  are  the  small  minoritv. 
The  pioneering  spirit  that  made 
America  the  envy  of  the  world 
still  runs  strong  in  our  veins.  A 
new  industrial  era  is  already  well 
under  way  in  which  thermoplas¬ 
tics  is  carving  a  leading  place  in 
tomorrow’s  civilization. 

"One  ship  sails  east,  and  another 
west, 

By  the  selfsame  winds  that  blow; 

It  isn't  the  gales,  but  the  set  the 
sails 

That  determtne  which  way  we  go". 


(Continxied  from  page  101) 

been  married  for  years  without 
becoming  pregnant,  this  procedure 
was  successful  and  they  now  have 
healthy  children. 

The  equipment  used  includes  a 
microvoltmeter  such  as  is  dia¬ 
grammed  in  Fig.  1,  associated  with 
a  photoelectric  recording  galva¬ 
nometer.  Non-polarizable,  revers¬ 
ible  silver,  silver-chloride  electrodes 
were  used,  immersed  in  a  physio¬ 
logic  salt  solution  from  which  rub¬ 
ber  tubes  were  connected  to  the 
patient.  The  positive  electrode, 
terminating  in  a  rubber  diaphragm 
packed  with  cotton  saturated  in 
normal  salt  solution,  was  placed 
over  the  cervix  uteri  (lower  cylin¬ 
drical  portion  of  the  uterus).  The 
ground  electrode  was  led  to  a 
sponge  rubber  disc  strapped  on  the 
ankle.  The  electrode  technique  is  of 
particular  importance,  and  although 
the  method  is  simple,  it  is  neces¬ 
sary  to  exercise  care  to  avoid  air 
bubbles  in  the  leads,  and  other  con¬ 
ditions  which  might  introduce 
artefacts  into  the  record.  The  shift 
is  not  rapid,  and  devices  with  rela¬ 
tively  slow  time  constants  are  quite 
satisfactory. 

The  voltage  difference  between 
the  cervix  and  the  ankle  normally 
appears  from  5  to  25  millivolts, 
with  the  cervix  positive  during  the 
menstrual  period.  A  pronounced 
negative  shift  of  the  cervix,  which 
may  appear  at  any  time  during  the 
cycle,  is  believed  to  indicate  the 
time  of  ovulation.  The  data  accumu¬ 
lated  recently  indicate  that  ovula¬ 
tion  occurs  at  irregular  intervals 
throughout  the  cycle  in  the  major¬ 
ity  of  women,  and  occasionally  dur¬ 
ing  the  menstrual  period.  It  is 
important  to  obtain  a  statistically' 
valid  quantity  of  evidence  through 
the  use  of  this  procedure  in  the 
office  practice  of  a  large  number 
of  physicians.  It  would  be  desir¬ 
able  if  apparatus  were  made  com¬ 
mercially  available,  and  undoubt¬ 
edly  the  market  for  such  equipment 
will  grow  as  the  techniques  are  in¬ 
creasingly  simplified  and  the  valid¬ 
ity  of  the  method  is  more  widely 
established. 

(An  article  by  Snodgrass,  Rock 
and  Menkin  appearing  in  the  De- 


4432  W«(t  Huron  St.,  Chicago  44,  III. 


ENGINEERS 
PHYSICISTS 
RADIO  ENGINEERS 
ELECTRONICS  ENGINEERS 
PHYSICISTS 

A  non-profit  research  labora¬ 
tory  engaged  in  urgent  war 
research  must  increase  its 
scientific  staff.  MEN  OR 
WOMEN  (COLLEGE  GRADU¬ 
ATES),  with  experience  in  vac¬ 
uum  tube  circuit  design, 
construction  of  aircraft  raffio 
equipment  and  design  of  small 
electro-mechanical  devices  ore 
needed. 

Salaries  range  from  $3,000  to 
$8,000,  dep>ending  upon  expe¬ 
rience,  ability,  education  and 
past  earnings.  Release  state¬ 
ment  and  USES  consent 
needed. 

Apply  by  Mall 

AIRBORNE 

INSTRUMENTS 

LABORATORY 

COLUMRIA  UNIVERSITY 

DIVISION  OF  WAR  RISIARCH 
■ox  231  Mincola,  N.  Y. 


HIGH  TENSION 
hf/re  Wrapping  f 


Thor*  it  no  on*  popor  to  moot  all  tpocificafiont 
—  chorocforistict  mutt  vary  with  tho-  iob.  A  rocont 
Contral  tolvod  oiamplo  wai  a  roquott  for  a  papor 
timilor  to  cloth  for  lMnd<winding  —  it  had  to  havo 
itrotch  to  it  would  wrap  tight  and  hug  tho  wiro; 
ttrongth  and  woathor  rotitfanco;  plut  toftnoss  for 
protoction  to  tho  oporotor't  handt. 

Wo  aro  oxportt  in  dotigning  and  building  tho 
right  Eloctiicol  Papor  for  any  roquiromont  — 
writo  for  Froo  Oook  on  Eloctrical  Paport. 


UBORATORY  DESIGNED  FOR 
ASSURED  DEPENDABILITY 
AND  EFFICIENCY. 


Sond  For  Froo  took  On  “Elodrkol  Popori' 


ELECTRONICS 


i-OHIDE,  TUnOBR 
to  Specifitntions 


sEunium,  raw 

RECTIHERS  built 


Where  other  manufacturers 


offer  one  or  two  of  the  three 


standard  types  of  low-voltage 
rectifiers,  General  Electric  is 
alone  in  supplying  all  three — 
an  important  fact  to  remember 
when  next  you  need  a  rectifying 
unit.  The  reason:  The  most  effi¬ 


cient  type  in  one  application 
may  be  least  efficient  on  the  very 
next  application.  It  is  in  deter¬ 
mining  which  type  to  use  in  each 
instance  that  G.E.  can  help  you 
most — having  all  three  types  it 
can  give  impartial  engineering 
advice  on  which  one  you  should 
use.  Full  details  from  Section 


A445-119,  Tungar  &  Metallic  Rec¬ 
tifier  Division,  General  Electric 
Co.,  Bridgeport,  Conn. 


M)  to 
axpe- 
and 
state- 
lent 


ELECTRIC 


GENERAL 
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CARBON  COMPANY 

ST.  MARYS,  PA. 

CHICAGO  •  CLEVELAND  •  DETROIT 
MILWAUKEE  ■  NEW  YORK  ■  PITTSBURGH 


Put  SPEER  graphite  anodes  in  transmitting  and 
rectifying  tubes  you  make.  They  sttve  Btrategic 
materiaU.  You  also  simplify  production  by 
eliminating  the  need  for  expensive  dies,  and 
tube  shrinkage  is  less  of  a  problem  because 
anode  dimensions  are  constant  and  rigid. 

Then  too,  it's  important  to  bear  in  mind  that: 


ISPEER  GRAPHITE  ANODES 


Increase  allowable  plate  power  dissipation. 
Lower  temperatures  of  associated  tube  parts. 
Withstand  severe  overloads. 

Defy  warping. 

Prevent  hot  spots  or  fused  holes. 

Minimize  bulb  darkening  and  insulator 
leakage. 

Improve  degassing  qualities. 

Decrease  gas  troubles. 

Enhance  tube  appearance. 

Provide  precise  anode  dimensions. 

Produce  uniform  tube  characteristics. 

Retain  original  dimensions  in  service. 
Maintain  normal  tube  characteristics. 

Leading  manufacturers  now  produce 
tubes  with  SPEER  graphite  anodes  for  all 
transmitting  and  rectifying  requirements. 
Write  for  descriptive  literature  on  SPEER 
graphite  anodes. 


STRATEGIC  MATERIALS 


BY  USING 

SPEER 

GRAPHITE  ANODK 


RONICS 


0553# 


electronics  — Ap«7  1944 
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angle  be 
Andrew 
this  spec 
'  Inner 
Outer  < 


UneTbeforeplaUng  prevent 


rinaUonofiuncUon  boxes  inri^t 
nds,  designed  and  of 

to  meet  exacting  requirements 

tnX"  bent  not 

no  silver  solder 


ble  corrosion  antenna 

r  SO“^  P^“^^.Tndrew  ^Andrew 

^“roneerinthemanutactureanden- 

:°^rof-axialcablesandacce«o- 

Fr«  catalog  on  request.  Wnte  today. 

aAXIAL  CABUES 


iiSf 

SSfofTKa  M«*"c®AaK 

Kil^'orth^Telev”*""  ««d 

Radio  COT’or.>»^>’'J,i.Oi,i,„ 
depend  on  me  Andrew  « 

IhU  il" 


ANDREW  CO 


383  EAST  75TH  ST.. 
CHICAGO  IS.  ILLINOIS 


Wh*n  only  D.  C.  pow«r  Is  availabU,  ELEORONIC  DEVICES 
requiring  from  110  to  3250  volt-amporos  A.  C.,  can  be  operated 
by  o  rugged  Janette  rotary  converter.  Atony  thousands  of  such 
essential  safety  and  other  electronic  devices,  used  on  ships  and 
shore  stations,  depend  upon  Jonette  converters  for  power. 


ro  INSURE 

pfect  joint 
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The  circuit  oi  on  energy  storage  weld¬ 
ing  control,  used  for  welding  aluminum 
aircraft  sub-assemblies,  is  examined 
by  Edward  Clayton  Hartwig,  U.  of  Mis¬ 
souri  '43.  and  member  of  the  Westing- 
house  graduate  student  course.  Origi¬ 
nated  50  years  ago,  the  course  helps 
graduates  bridge  the  gap  between 
academic  preparation  and  actual  pro* 
duction  work 


cemoer  1943  issue  of  the  American 
Journal  of  Physiology,  volume  140, 
page  394,  describes  recently  com¬ 
pleted  experiments  indicating  data 
which  refute  previous  evidence  of 
potential  changes  associated  with 
ovulation.  The  summary  of  these 
investigations  expresses  a  belief 
that  the  previously  observed 
changes  in  potential  believed  to  be 
associated  with  ovulation  may 
merely  indicate  a  period  which  is 
favorable  for  successful  fertiliza¬ 
tion.  A  further  outcome  of  this 
data  shows  a  thermal  correlation 
with  bioelectric  currents  where 
the  warmer  region  is  positive  with 
respect  to  a  cooler  region,  and  this 
in  turn  appears  to  be  intimately 
related  to  changes  in  pH  (the  nega¬ 
tive  logarithm  of  the  concentration 
’  of  the  hydrogen  ion  in  gram  atoms 
per  liter — a  measure  of  acidity  and 
alkalinity).  Other  measurements 
made  during  this  investigation  of¬ 
fered  an  interesting  indication  that 
right  and  left  handedness  may  be 
correlated  with  the  potential  differ¬ 
ence  between  the  hands,  the  posi¬ 
tive  side  indicating  the  handedness 
of  the  person.  The  addition  of  this 
paper  to  the  literature  is  indicative 
of  the  experimental  status  of  most 
electro-physiological  investigations 
and  the  need  for  an  increasing  in- 


WELDING  CONTROL 
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They  are  the  first  radio  tower  insulators  made  in  this  country. 
They  were  designed  and  built  by  Locke  for  the  original  wire- 
less  telegraph  stations. 

That  was  a  long  time  ago  and  every  duv  since  has  added  to 

our  .^1^1,  Md;*  experience.  Research  facilities  available 

.  ■  V  1 

nowh^^«^lse  in  the  industry  have  been  in  constant  use  find* 
ing  better,  simpler,  lower  cost  methods  of  producing  the 
finest-  in  radio  insulators. 

Whether  your  requirements  are  standard  or  special,  we  think 
you  will  find  them  better  filled  by  4^ocke. 
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A  COMPLETE 
"CLAY^RAMIC 
SERVICE 

For  every  electrical,  chemical  and 
mechanical  application,  Locke  has  un¬ 
rivalled  facilities  for  the  production 
of  fired  clay  pieces  by  every  known 
method. 

(1)  Dry  Process  —  Porcelain  and 
Steatite 

A  process  ideally  suited  to  the 
production  of  certain  pieces  with 
reasonable  tolerances  and  ade¬ 
quate  mechanical  and  electrical 
strength. 

(2)  Vacutite  Process — Porcelain  and 
Steatite 

A  process  developed  by  Locke 
for  forming  intricate  pieces. 
Close  tolerances.  Mechanical  and 
electrical  strength  almost  equal 
to  wet  process. 

(3)  Wet  Process  —  Porcelain  and 
Steatite 

The  standard  process  for  the 
production  of  high  voltage  in¬ 
sulators,  and  porcelain  for 
mechanical  and  chemical  applica- 
tions.  Exceptionally  strong 
mechanically  and  electrically. 

Locke  Wet  Process  porcelain  and 
Locketite  is  produced  by  the  follow¬ 
ing  methods,  the  selection  of  method 
depending  upon  the  piece. 

(1)  Pugging  (5)  Jiggering 

(2)  RamExtrusion(6)  Plastic  Press 

(3)  Wet  and  Dry  (7)  Core  Casting 
Turning  (8)  Drain  Casting 

(4)  Plunging  (9)  Throwing 
and  certain  other  methods  which  at 
the  present  have  only  limited 
application. 

Other  clayramic  products  will  be 
available  in  the  future  to  meet  special 
conditions.  Whatever  your  problem, 
our  experienced  electrical,  mechanical 
and  ceramic  engineers  will  be  glad 
to  help.  Their  services  have  resulted 
in  material  savings  in  money,  time 
and  critical  materials  to  other  manu¬ 
facturers.  Perhaps  they  can  help  you. 


INSULATOR  CORPORATION 

BALTIMORE,  MARYLAND  (k 


and  PLATINUM  ALLOYS 


SHEET.. 
WIRE  . . 
TUBING 


For  all  Electronic 
Applications 


SIGMUND  COHN  &  CO 

44  GOLD  ST.  J  NEW  YORK 
SINCE  1901 


terest  in  this  field  by  competent 
research  workers.) 


CleetroeMcephalegraphy 

The  electrical  activity  associated 
with  grey  matter,  commonly  called 
brain  waves,  is  recorded  on  paper 
or  film  according  to  a  variety  of 
techniques,  or  observed  visually  on 
oscilloscopes.  The  desirability  of  a 
long  base  line  on  the  oscilloscope 
has  led  to  the  development  of  cir¬ 
cuits  for  successive  sweeps  dis¬ 
placed  vertically  so  that  as  many  as 
three  screen  width  lines  may  be 
effectively  observed  at  once.“  An¬ 
other  development  makes  use  of 
electronic  switching  to  superimpose 
two  or  more  channels  simultane¬ 
ously.  (A  further  reference  to  the 
use  of  this  arrangement  appears  in 
this  text  under  the  sub-heading 
Electromyography.)  A  great  deal 
of  material  has  been  published 
regarding  the  problems  in  ampli¬ 
fier  design  connected  with  the  low 
frequencies  of  brain  waves. 

The  normal  brain  produces  Alpha 
(8-12  per  second,  10  to  126  micro¬ 
volts)  and  Beta  (18-30  per  second, 
10  to  20  microvolts)  wave  patterns, 
and  also  rambling,  unorganized 
waves  at  2-7  per  second,  up  to  60 
microvolts.  When  the  patient  closes 
his  eyes  and  relaxes,  the  Alpha 
waves  become  increasingly  prom-  | 
inent,  but  a  stimulus,  such  as  light 
or  sound  or  the  effect  of  doing  sim¬ 
ple  arithmetic — ^voluntary  concen¬ 
tration  on  a  problem,  may  com¬ 
pletely  disrupt  the  pattern  of  these 
waves. 

Alpha  waves  are  also  observed 
to  have  the  same  characteristics  in 
animals  as  in  humans,  and  even 
measurements  on  beetles  show  the 
same  Alpha  wave  variations  in 
response  to  a  stimulus.  The  Beta 
waves  are  characteristically  less 
regular,  but  are  not  so  obviously 
affected  by  stimulation  or  mental 
activity. 

These  potentials  are  usually 
picked  up  with  small  lead  elec¬ 
trodes  attached  to  the  scalp  with 
conducting  paste  and  sealed  on 
with  collodion.  It  is  not  necessary 
to  cut  the  hair.  The  shunt  effect 
of  surrounding  tissues  is  consid¬ 
erable,  and  voltages  measured  di¬ 
rectly  from  the  cortex  during  oper¬ 
ative  procedures  are  in  a  higher 
order  of  magnitude. 

Delta  waves  (1  to  4  i)er  second) 
appear  in  profound  sleep  or  anes- 


Platinum  metals  scrap  and 
residues  refined  and  re¬ 
worked  on  toll  charges;  or 
purchased  outright  by  us  . . , 


Write  for  list  of  J^roducts. 
Discussion  of  technical 
problems  invited  .  .  .  . 


This  Speedy  Emergency  Service  Can  Help  You 
Maintain  Rush  Production  Schedules! 


War  industries  have 
for  Trans- 


S  f  many  uses 
BlHc  formers.  Constant 
voltage,  power,  variac, 
output,  input  .  .  every  type 
manufactured  is  in  constant 
demand  by  those  responsi¬ 
ble  for  meeting  rush  war¬ 
time  schedules.  Keeping 
ample  ^ocks  of  all  types  of 
Transformers,  as  well  thou¬ 
sands  of  other  items  of  radio 
and  electronic  supplies,  or 
knowing  how  and  where  to 
get  them  quickly,  is  a  special 
service  we  render  to  industry 
everywhere.  Call  or  write 
W-J.  Cur  skilled,  long  experi¬ 
enced  technicians  will  be 
quick  to  give  you  the  coopera¬ 
tion  and  service  you  need. 


110-VOLTS  A.C. 

from  DIRECT  CURRENT 

•IHi  KATOLI6HT  ROTARY  KONVERTERS  for 
eporattnq  radio  and  olacfronic  aqulpmant, 
moving  pictura  projactors,  sound  apparatus, 
A.C.  appliancas,  ate. 
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32,  110  or  220-volts  diract  currant.  Quiat  In 
oMratlon.  Can  ba  furnishad  with  spaclal 
flltartng  aquipntant  for  sansitiva  radio  work. 

PIONEERS  IN  THE  RUILDINO  OP 
SMAU  ROTARY  CONVERTERS 
At  prasant  Kato's  ontira  production  must  bo 
dlractad  to  furnishing  convartars  on  high 
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kind  of  aqulpmant  for  ordars. 

A/so  monufocturars  of  A.C.  ond  O.C. 
otors  rong/ng  from  3S0  waffs  ftroogS  2S  fLW  4 
powr  pfonft;  Praguancy  cbongars;  4/g4  fra- 
quvney  ganar^ors;  ond  Motor  Ganarofor  Safs. 
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I’EIAiMANENT  MA(iNETS 


The  Arnold  Engineering  Company  is 
thoroughly  experienced  in  the  production 
of  all  ALNICO  types  of  permanent  magnets 
including  ALNICO  V.  All  magnets  are  com¬ 
pletely  manufactured  in  our  own  plant 
under  close  metallurgical,  mechanical  and 
magnetic  control. 
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Also  Name  Plates,  Crystals,  Comuuters  and  other  items  to  specifications 


SONS 


thesia;  in  general,  the  rythms  are 
all  slower  during  sleep,  irregular, 
and  of  higher  voltage. 

When  abnormal  conditions  are 
present  in  the  brain,  spikes  and 
slow  Delta  waves  reaching  200-5tX) 
microvolts  appear.  Periodic  dys¬ 
rhythmia  of  this  kind  is  usually  an 
indication  of  epileptic  seizures,  and 
may  be  correlated  in  magnitude 
and  duration  with  severity  and 
length  of  the  attack,  ranging  from 
a  few  seconds  to  several  minutes. 

Abnormal  high  voltage  patterns 
are  also  caused  by  blood  clots  and 
tumors  on  the  brain,  and  by  a  series 
of  triangulation  measurements  it  is 
possible  to  locate  these  sources  with 
great  accuracy."’ "  Multichannel 
equipment  greatly  facilitates  the 
procedure.  The  value  of  this 
method  to  the  diagnostician  and 
surgeon  is  incalculable. 

Most  large  hospitals  have  brain 
wave  departments,  and  since  nearly 
an  hour  is  required  to  obtain  an 
adequate  record,  they  are  kept  con¬ 
stantly  busy. 

Considerable  experimental  work 
has  been  done  with  measurements 
directly  on  the  exposed  surface  of 
the  cortex  (outer  portion  of  the 
brain  including  gray  matter)  in  hu¬ 
mans,”  to  obtain  a  more  intimate 
knowledge  of  the  electrical  com¬ 
ponents  of  brain  cell  activity.  Gen- 


ELECTRONICS  FOR  BUND 


Anthony  Mottei  repoin  a  powor  fupply 
from  on  old  recoiTor  undor  the  guidance 
of  hie  instructor,  Robert  Gunderson,  at 
the  New  York  Institute  for  Education  of 
the  Blind 
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A  NEW 


UNIVERSAL 
BRIDGE 


BRIDGES  ONE 


★  WIDE  RANGE 


★  Vi%  ACCURACY 


Model 


lOlO 


★  MEASURES  INDUCTANCE 


WITU  SUPERIMPOSED  DC 


One  of  several  instruments  designed  to  meet  the  requirements  of  our  military  development  program  — now  made  available  for  general  sale. 
The  Universal  Bridge  permits  measurement  of: 


•  RESISTAIMCE —  Range: 

Accuracy: 


•  CAPACITANCE  —  Range: 

Accuracy: 


10“*  to  10*®  ohms. 

1  ohm  to  1  megohm,  within  V2%, 

below  1  ohm  and  from  1  megohm  to  100  megohms  within  1% 
above  100  megohms  the  error  increases  to  5%. 

10“  *  to  100  microfarads. 

100  (i^f  to  1  (if  within  V2%> 
other  ranges,  within  2%. 


•  INDUCTANCE —  with  no  D.  C.  flowing 

Range:  10“®  to  100  henrys 

Accuracy:  100  ^h  to  h,  within  1%, 

other  ranges,  within  2%. 

With  superimposed  D.  C. 

Range:  .1  to  100  henrys 
Accuracy:  Within  2% 

FEATURES-  Inductance  of  iron  cored  chokes  and  transformers  can  be  measured  with  up  to  500  m.  a.  of  D.  C.  flowing. 
Facilities  for  measurement  of  frequency,  Q  and  power  factor  are  included  in  the  Bridge. 

The  bridge  contains  a  1  megohm  resistance  decade  in  steps  of  one  ohm  —  this  is  brought  out  to  terminals  so 
that  it  can  be  used  externally. 

Complete  and  self-contained  unit ...  in  addition,  provision  has  been  made  to  plug  in  external  facilities  such 
as  outside  standards,  oscillators,  null  indicators,  etc.,  to  extend  the  usefulness  of  the  bridge. 

Your  inquiry  will  receive  prompt  attention,  as  will  inquiries  concerning  the  application  of  our  engineering  facilities  to  the  solution  of  your 
industrial  control,  inspection  or  instrumentation  problems. 


INDUSTRIAL  PHYSICS— INSTRUMENT  DEVELOPMENT 


899  BOYLSTON  STREET;  BOSTON*'l5,  MASS. 
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THE  BIRTCHER  CORPORATION 

Manufoctorers  of  AIRCRAFT 
and  RADIO  PARTS 
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erally  these  operations  are  accom-  j 
plished  under  local  anesthesia  with 
the  patient  fully  conscious. 

Motor  centers  are  located  by  ap-  ! 
plying  electrical  stimulation  direct¬ 
ly  to  the  cortical  surface  and  cor¬ 
relating  the  response  from  the  pa¬ 
tient.  Thus  it  is  possible  to  localize 
the  areas  in  which  control  of  vari¬ 
ous  portions  of  the  body  is  cen¬ 
tered.  Some  surgeons  have  used 
this  procedure  for  determining  the 
area  causing  convulsions  in  epilep¬ 
tics,  and  have  achieved  a  measure 
of  success  with  surgical  removal  of  ! 
this  portion  of  the  brain. 

Recordings  obtained  directly 
from  the  cortex  have  demonstrated 
that  tumors  are  themselves  inactive 
electrically,  and  the  slow  wave  pat¬ 
terns  characterizing  their  presence 
result  from  damage  to  adjacent  tis¬ 
sues.  Light-weight  silver  wire  is 
used  for  electrodes  in  these  meas¬ 
urements,  and  care  must  be  taken 
to  avoid  brain  damage  resulting 
from  piercing  the  surface  coating 
(pia  mater). 

A  great  deal  of  data  have  been 
accumulated  to  obtain  empiric  cor¬ 
relation  between  brain  waves  and 
psychotic  disorders,  and  many  con¬ 
tributions  are  being  currently  made 
to  the  understanding  of  psychia¬ 
tric  problems. 

There  are  many  theories  with 
regard  to  the  source  of  Alpha  and 
other  brain  rythms.  An  Alpha 
rythm  appears  in  a  state  of  repose 
with  external  and  internal  stimuli 
at  a  minimum.  One  explanation  of 
the  Alpha  rythm  that  has  been 
suggested  conceives  of  many  nerve 
;  cells  of  the  brain  changing  poten- 
'  tial  in  unison  or  in  such  a  time 
distribution  that  a  ten-cycle  over¬ 
all  pattern  is  measured.  Embar- 
I  rassment,  close  attention,  nervous 
I  tension  or  environmental  stimulus 
usually  serves  to  reduce  both  the 
voltage  and  the  amount  of  time  in 
30  seconds  of  recording  occupied 
by  the  Alpha  rythm  (percent  time 
Alpha).  It  may  be  possible  to  ex¬ 
tend  this  analysis  to  explain  the 
excessively  high-voltage  discharges 
found  during  convulsions.  In  this 
situation  an  increased  number  of 
nerve  cells  may  be  locked  in  step  at 
an  abnormal  frequency  or  pattern. 
Such  a  condition  may  lead  to  the 
control  of  a  great  number  of  cells 
by  one  activity  pattern  in  such  a 
manner  as  to  result  in  convulsions, 
unconsciousness,  etc.  This  may  be 
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ECONOMICAL  COATINGS 
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faeas  with  cadmium,  nickal.  sine,  ooppar 
and  gold.  Building  up  limitad  oraos. 
Hard  surfacing  with  nickal.  Usad  in  shop 
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Dials,  Panels,  Gauges 


Series  929  For  Metal  Tubes 


Birtcber  Clamps  ora  suitable  in  oil 
applications  requiring  a  sturdy, 
posbive-oclion  device  for  securely 
holding  tubes  and  similar  piug.|n 
components  in  their  sockets  under 
extreme  vibration  stresses. 

PROMPT 

Samples  pnd  Priies 


SCREEN 

METHOD 


A  PROVED,  economical  method 
requiring  NO  machinery  . . .  and 
highly  satisfactory  for  quanti¬ 
ties  from  10  to  10,000  impres¬ 
sions.  Reproduces  fine  nnmerals, 
lettering,  designs  CLEANLY  and 
ACCURATELY.  Send  copy  or 
blueprint  for  estimate  and  full 
details. 
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The  father  of  modern  China — 
that  is  the  name  justly  bestowed 
on  Sun  Yat  Sen,  who  died  just  19  ' 

years  ago.  One  of  the  truly  great  \' 
fighters  for  freedom,  he  brought 
the  first  vision  of  liberation  and 
progress  to  the  400  million  people 
of  China.  At  his  death  his  coun* 
try  was  just  emerging  into  democ¬ 
racy  .  .  .  somewhat  uncertainly, 
not  yet  sure  of  herself,  but  with 
the  conviction  that  this  freedom 
was  worth  a  fight.  China  is  prov¬ 
ing  today  how  valiantly  a  people 
inspired  with  Sun  Yat  Sen's  dream 
of  freedom  can  fight. 

Today  that  freedom,  China's 
as  well  as  our  own,  has  been  chal¬ 
lenged  and  threatened  by  a  fanati¬ 
cal  foe.  We  are  answering  that 
challenge— our  armies  are  in  the 
field,  and  we  shall  back  them  to 
the  limit.  Let  every  one  of  us 
help  to  send  them  more  guns,  more 
bombs  and  shells,  ships  and 
planes — by  buying  War  Bonds. 

Not  just  one,  not  just  two,  but  every 
extra  bond  we  can  buy. 


AwA»o£o  TO  mi  j.  p.  smmiG  cottPottAnoN 
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conceived  of  as  comparable  to  a 
telephone  exchange — the  lines  are 
kept  busy  so  that  no  other  cerebral 
activity  may  occur.  Disruption  of 
the  Alpha  rythm  by  internal  or 
external  stimuli  is  an  indication 
of  changes  in  the  temporal  orien¬ 
tation  of  cell  discharges  when  they 


Associated  HESEMtcn 

CO 'Lp  o 'i  aze^d. 


ELECTRODES 


FOR  CRYSTALS 


FINISHED 


Size  and  types  made  to  your  specification  with 
^  air  gap  tolerance  held  within  5  microns  ^ 
lEstablished  I926i 


are  individually  engaged  in  the  pro¬ 
cesses  of  perception,  motivation  or 
ratiocination. 


}  INSULATION 

By  a  Mere  Press  of  the  Bettoi  oi  the  VtBROTEST 


Electromyography 

There  are  many  possibilities  of 
correlation  between 


%Pvf  finger  on  dangerous  insulation  with 
the  versatile  VIBROTEST  . .  .  prevent  costly  elec¬ 
trical  breakdowns  before  they  happen!  Just  a 
mere  press  of  a  button  and  the  large  clear-faced 
meter  tells  the'  story  quickly  in  megohms  or  ohms. 

No  hand  cranking  ...  no  leveling  ...  no  vise- 
Mod«i  »i  viaaoTEST  |||(Q  grip  ^  ^  ^  jujf  one  man  job. 

Model  201  VIBROTEST  .  .  .  sturdy,  compact  and  easy  to  use  .  .  .  also  pro¬ 
vides  triple  AC  and  DC  voltage  ranges.  Only  two  terminals.  Many  VIBRO¬ 
TEST  models  available  to  meet  other  requirements.  Write  today. 


measureable 
electrical  phenomena  and  physio¬ 
logical  events.  The  increased  fund 
of  such  knowledge  is  reaching  con¬ 
stantly  into  new  branches  of  diag¬ 
nostic  practice.  Among  the  fields 
in  which  the  available  data  is  rap¬ 
idly  increasing,  and  hence  the  op¬ 
portunity  for  practical  use,  is  the 
study  of  muscle  pathology. 

Electrode  techniques  in  electro¬ 
myography  (recording  of  muscle 
potentials)  include  surface  discs  ap¬ 
plied  in  much  the  same  manner  as 
in  electroencephalography,  and  co¬ 
axial  needle  electrodes  where  an  in¬ 
sulated  core  is  inserted  in  a  hypo¬ 
dermic  needle. 


In  the  latter  case 
the  needle  is  thrust  into  the  sub¬ 
stance  of  the  muscle,  with  the  out¬ 
side  of  the  needle  grounded. 

Often  electrical  measurements 
may  be  the  n^eans  for  determining 
the  origin  of  a  malfunction.  In 
connection  with  conditions  where 
muscles  refuse  to  relax  after  vol¬ 
untary  contraction,  the  action  po¬ 
tentials  from  the  nerve  endings 


SALAD  BOWL  HORN 


Bocaute  ol  Ita  shape,  this  Western 
Electric  speaker  used  by  the  Nary  hoi 
been  dubbed  the  "Salad  Bowl" 
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In  product,  Quality  is  the  first  consideration.  But 
beyond  that — invisible  yet  highly  important — is  Service. 

The  Stewart  Line  gives  you  the  assurance  of  outstand¬ 
ing  Quality,  both  in  material  and  fabrication.  And,  over 
and  above  Quality,  it  gives  you  a  Service  that  interprets 
and  meets  your  individual  needs. 

Stewart  Service  is  the  friendly  voice  at  the  other  end 
of  your  phone.  It  is  the  intelligent  answer  to  your  inquiry. 
It  is  the  engineering  experience  that  helps  you  to  work 
out  your  problems.  It  is  the  co-operation  that  gets  fast 
action  when  you  are  in  a  jam.  Lastly,  it  is  efFiciency  and 
promptness  in  shipping  your  orders. 

Stewart  SERVICE — invisible,  yet  a  thing  of  tremendous 
weight  on  the  scales  of  business,  particularly  under  War- 
time  stress— put  it  to  the  testi 

STEWART  STAMPING  COMPANY 

621  E.  lUth  Street  New  York  67.  N.  Y. 
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Eliniiates  Nane  Plates  cm  Front  Panels 


H«rc  or*  o  f«w  odvoiitagos  of  ovr  now  Inlay  process 
for  morklng  front  ponels  that  ollmlnatos  nomo  plates: 


I  •  Inlaid,  baked  enamel  characters  protected  by  background 
finish;  resistant  to  abrasions  and  salt  sprays;  guaranteed 
to  pass  50  hour  salt  spray  test.  ^ 

2.  Front  panel  will  match  finish  of  cabinets. 

3.  Recommended  and  endorsed  by  scores  of  manufacturers 
of  electronic,  sound  and  communication  equipment. 


Send  at  the  bore  steel  fabricated  and  witbin  two 
weeks  we  will  return  It  Snlsbed  end  marked  to  year 
cemplete  sotisfoetloa. 
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AFTER  THE  WAR 


BRACH  Antennas 
and  other  radio  and 
electrical  products 
are  rendering  a  dis¬ 
tinguished  service  on 
fighting  fronts 
everywhere.  But 
when  the  war  is  over, 
they'll  be  back 
where  they  belong  .  . 
in  your  store, 
making  sales. 


have  been  shown  to  continue  after 
the  patient  has  made  a  volutrtary 
effort  to  relax  the  muscle.  This  ig 
interpreted  as  indicating  that  the 
problem  is  concerned  with  the  stim¬ 
ulating  mechanism  rather  than 
with  the  muscle  tissues.** 

A  series  of  studies  in  connection 
with  uncontrollable  tremors  has  in¬ 
cluded  comparisons  between  simul¬ 
taneous  recordings  of  brain  waves 
and  muscle  potentials.  No  corre¬ 
lation  was  found  to  exist,  and  the 
data  suggest  that  the  origin  should 
be  sought  in  other  areas  of  the 
central  nervous  system,  such  as 
the  spinal  cord.** 

Dr.  M.  A.  B.  Brazier  is  currently 
active  in  research  on  poliomyelitis 
(infantile  paralysis)  and  investiga¬ 
tions  of  associated  muscle  disor¬ 
ders.*  One  of  the  interesting  obser¬ 
vations  in  certain  neurological  con¬ 
ditions  is  that  a  knee  jerk  applied 
to  one  leg  sometimes  produces  an 
electrical  discharge  from  muscles 
in  both  legs.  The  latent  period  be¬ 
tween  the  two  reflexes  is  too  brief 
to  measure  with  ink  writing  de¬ 
vices.  An  electronic  switch  devel¬ 
oped  by  the  DuMont  Company  is 
being  used  in  an  effort  to  determine 
the  possible  path  of  such  crossed 
reflexes  from  the  measured  time 
interval  between  them.  The  elec¬ 
tronic  switch  in  conjunction  with  a 


I  •  •  • 

I 

I  BRITISH  MEGAPHONE 


Traffic  at  busy  croMroads  In  London 
ii  controlled  by  Scotland  Yard  mnn 
equipped  with  electronic  meqophone* 
mounted  on  tripods.  They  advise  pedes¬ 
trians  and  bawl  them  out  for  crossing 


against  signals 
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SEQUEL  TO  "KNOW-HOW"... 


The  manufacture  of  delicate  electronic  equipment  is  not  just  a  post-war  dream 
with  I.  C.  E. !  Every  day,  carefully  packed  boxes  leave  the  I.  C.  E.  plant . . .  bound  for 
action.  Obviously,  just  where  and  how  this  equipment  is  being  used  cannot  be 
told.  But  we  can  tell  you  this:  After  the  war  when  you're  ready  to  put  electronics 
to  work  in  your  plant . . .  I.  C.  E.  will  be  ready  to  work  for  you.  Ready  not  only  with 
the  "know-how,"  but  with  the  equipment  and  manpower  necessary  to  produce 
what  you  want . . .  when  you  want  it! 


t  b  «  promise  of  great  things  to  come 


INDUSTRIAL  &  COMMERCIAL  ELECTRONICS 

BELMONT,  CALIFORNIA 


electronics  — >^pn7  1944 


cathode-ray  oscilloscope  makes  it 
possible  to  observe  two  separate 
phenomenon  simultaneously,  com¬ 
paring  amplitude,  form  and  also 
phase  relationship  with  wave  forms 
superimposed  on  a  single  screen. 

These  experiments  have  greatly 
increased  the  understanding  of 
characteristic  effects  in  poliomye¬ 
litis,  as  well  as  providing  a  means 
for  following  the  progress  of  thera¬ 
peutic  treatments. 


Summary 


A  survey  of  developments  in  the 
field  of  electrophysiology  has  been 
presented.  The  increasing  scope  of 
correlations  between  pathological 
conditions  and  electrical  measure¬ 
ments  has  been  indicated.  The  in¬ 
timate  relationship  between  living 
structures  and  associated  electrody¬ 
namic  fields  has  been  discussed. 

Technical  details  of  procedures 
have  been  limited  mainly  to  an  in¬ 
dication  of  electrode  techniques. 
These  methods,  together  with  the 
low'  frequencies  and  low  order  of 
magnitude  of  bioelectric  currents, 
constitute  the  fundamental  prob¬ 
lems  presented  to  designers  of  elec¬ 
tronic  instruments  for  this  work. 
Engineers  interested  in  additional 
details  regarding  specific  applica¬ 
tions  are  referred  to  the  brief  bibli¬ 
ography  of  “key”  references  given 
below,  many  of  which  contain  ex¬ 
tensive  lists  of  related  literature. 

It  is  clearly  evident  that  the  elec- 
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RADIO  and  Eiedraaic  eqvipMent 
•pMUtos  Mst  effkiMrtiy  wrlwn 
•xcess  tab*  hcMit  is  rMlvced.  This 
is  where  PILOT  ILOWERS  eater  the 
pktwe.  Coaqioct,  effkieat/  qeiet— these  Riewers  keep  tehe- 
geaereted  heot  ea  the  areve.  Avoilahle  ia  five  stoadeid  sizes 
with  eatpvt  roagiag  freai  49  te  106  CJJR.  With  cesteaHhailt 
F.H^.  IReters,-^15  te  120  CFJL  Write  fer  detailed  iafenaatiea. 
F.  A.  SMITH  MFG.  CO.,  801  Davis  St.,  Rochester  5,  N.Y: 


Communicatioiu  operators  of  an  artil 
lery  battery  of  the  8th  Army  at  work  in 
a  communications  truck.  The  mobile 
unit  is  also  used  as  an  advance  ob¬ 
servation  post  with  ground  fire 


BLOWiRS 


made  by  the  makers  of  the  famous  pilot  fractional  h  p  motors 


A  T  L 


— and  keep  out  of  Enemy  Range !  That  s  impor" 
tant!  That  communicated  orders  be  kept  out  of 
enemy  range  is  even  more  vital.  Radio  signals 
are  dead  giveaways  of  vulnerable  positions.  For 
this  reason  the  highly  directional  Loud  Speaker 
is  coming  more  and  more  into  use,  because  it  con¬ 
fines  signals  to  a  limited  area.  Loud  Speakers  used 
thus  must  give  all-out,  all-weather,  all-the-time 
performance  such  as  Atlas  Sound  Instruments 
are  now  giving  on  all  Invasion  Fronts.  Let  Atlas 
Sound  inject  these  qualities  into  new  designs  or 
minor  conversions  for  you. 

Complete  Atlas  Sound  Catalog  on  request. 


1443  39th  Street 


Brooklyn,  New  York 


Ht  DOESN'T  KNOW  A  THING  ABOUT  CATHODE  COATING 


BUT  HE  DOES  KNOW  THAT  EVERY  TIME  A  SET  OF  TUNG-SOL  ELECTRONIC  TUBES  ARE 
ISSUED  TO  HIM,  THEY  GIVE  EXACTLY  THE  SAME  FINE  PERFORMANCE  AS  THE  PREVIOUS  SET 

Even  if  you  did  mention  cathode  coating  to  the  at  a  time.  One  out  of  each  batch  is  weighed,  then 
average  G.  1.,  or  man  on  the  street,  his  answer  wiped  clean  of  its  coating  and  weighed  again, 
probably  would  be:  If  there  was  too  much  coating  the  whole  lot  is 

•‘What  in  thunder  is  Cathode  Coating?”  scrapped,  dr  re-coated  if  there  was  too  little.  The 

It  is  a  substance  sprayed  on  the  cathode  of  an  amount  of  loss  on  this  operation  is  more  than 

electronic  tube  to  induce  the  electrons  to  flow.  compensated  for  by  the  high  degree  of  uniform- 

On  small  cathodes  the  amount  of  this  coating  ity  in  the  performance  of  Tung-Sol  tubes.  This  is 

must  not  vary  more  than  one-tenth  of  a  milligram  one  of  the  many  reasons  why  builders  of  elec- 

—  a  weight  of  about  one-five-hundredth  of  a  tronic  devices  have  such  high  praise  for  Tung-Sol 

postage  stamp.  tubes  and  why,  after  the  war,  you  should  always 

Tung-Sol  coats  its  cathodes  about  twenty-five  remember  to  use  Tung-Sol  tubes  for  replacements. 


THICKNESS  OF  CATHODE  COATING  GOVERNS 
TUBE  CHARACTERISTICS 


(Left)  Electrons  from  cathode 
are  controlled  by  grid  wires. 
Volume  of  flow  ^ives  tube 
desired  characteristics  be¬ 
cause  space  between  cathode 
and  grid  is  correct. 

(Right)  Space  between  cath¬ 
ode  and  grid  reduced  by  too 
thick  a  coating.  Electron 
flow  materiall^r  changed,  re¬ 
sulting  in  different  tube 
charaaeristics. 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

ALSO  MANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAMPS,  ALL-GLASS  SEALED  BEAM  HEADLIGHT  LAMPS  AND  CURRENT  INTERMIHORS 
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AUTO  ENGRAVER  CO. 
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tronic  engineer  of  this  era  has  not 
merely  an  opportunity  but  an  ob¬ 
ligation  to  contribute  to  the  most 
impKYrtant  branch  of  scientific  ac¬ 
tivity — the  maintenance  of  health 
and  the  preservation  of  life. 

Acknowledgment  is  extended  to  Dr. 
A.  J.  Derbyshire  of  Harper  Hospital 
and  Wayne  University,  Detroit,  Michi¬ 
gan,  for  reading  this  manuscript  and 
providing  helpful  criticism  and  sug¬ 
gestions.  Appreciation  is  expressed 
for  the  generous  contribution  of  cur¬ 
rent  information  from  R.  F.  Novotny, 
Rahm  Instruments  Inc.,  New  York 
City;  Albert  M.  Grass,  Consulting 
•Electrical  Engineer,  Quincy,  Massa¬ 
chusetts;  Lovett  Garceau,  Electro- 
Medical  Laboratory,  Inc.,  Holliston, 
Massachusetts;  Dr.  Franklin  F.  Off- 
ner,  Offner  Electronics,  Inc.,  Chicago, 
Illinois;  and  Dr.  John  G.  Lynn,  Re¬ 
search  Associate  in  Neurology,  Colum¬ 
bia  University,  New  York  City,  in  ad¬ 
dition  to  others  mentioned  in  the  text. 
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SPECIALLY  DESIGNED 


CAPACITORS 


Aladdin’s  was  a  magic  world  of 
Fancy. 

Ours  it  a  magic  world  oT  fact  and  actual¬ 
ity.  Wa  maka  constant  uta  in  our  daily 
livat  of  graatar  miraclat  from  tha  modarn 
traasury  of  Scianca  than  could  hava  baan 
draamad  of  or  comprahandad  avan  by 
Aladdin  and  hit  Slava  of  tha  potant  Lamp. 

Yat  —  such  it  tha  fata  of  progratt  — 
Tha  World  of  Tomorrow  will  placidly 
anough  accapt  and  utiliza  futura  alactrical 
mattarpiacat  at  its  inalianabla  right.  This 
it  at  it  should  ba  —  craativa  rataarch, 
davalopmant,  production,  consumption. 
And  loading  than,  at  now,  will  ba 


For  the  past  15  years  Girard- 
Hopkins  have  built  standard  and 
specially  created  capacitors,  designed 
to  meet  the  most  exacting  climatic 
and  technical  conditions.  Our  line 
includes  every  stock  type  of  capacitor 
for  normal  needs — Increased  manu¬ 
facturing  capacity  and  a  highly 
trained  engineering  staff  enable  us  to 
quickly  build  and  deliver  specially 
designed  capacitors  to  your  specifica¬ 
tions.  Consult  us  on  your  present  and 
post-war  capacitor  problems  for  eidier 
wax  or  oil  types. 


(1)  Burr,  H.  S.,  and  Northrop,  F.  S.  C., 
Evidence  for  the  Existence  of  an  Electro 
Dynamic  Field  In  Living  Organisms.  Pro 
ceedings  oj  the  National  Academy  o/  Hri- 
enceg,  85,  No.  6,  p.  284-288,  June. 

(2)  Burr,  H.  S.,  Strong.  L.  and 

Smith,  G.  M.,  Yale  Jour.  Biol.  Med.,  10. 
No.  6.  n.  539-544,  July,  1938. 

(3)  Burr.  H.  S.,  An  Electro-Dyiianiic 
Theory  of  Development  Suggeste«l  hy 
Studies  of  Proliferation  Rates  in  the  Brain 
of  Amblystoma.  J.  Comp.  Neur.,  56.  No.  2. 
December  15,  1932. 

(4)  Burr,  H.  S.,  I.Jine,  C.  T.,  and  Nims. 
L.  F..  A  Vacuum  Tube  Microvoltnieter  for 
the  Measurement  of  Bioelectric  Phenoineiia, 
The  Yale  Journal  o}  Biology  and  Medicine, 
9,  No.  1,  October,  1936. 

(5)  Burr,  H.  S.,  Biologic  Organization 
and  the  Cancer  Problem,  The  Yale  Journal 
of  Biology  and  Medicine,  18,  No.  3,  January, 
1940. 

(6)  Electro-Shock  Therapy,  An  Anno- 
tate<l  Bibliography,  May  1,  1943.  Availabie 
from  Rahm  Instruments  Inc.,  12  West 
Broadway,  New  York  City. 

(7)  Offner,  Franklin,  Electric  Properties 
of  Tissues  in  Shock  Therapy.  Proceeding* 
of  the  Society  for  Experimental  Biology 
and  Medicine,  49,  p.  571-575.  1942. 

(8)  Silver,  M.  L.,  and  Gerard,  R.  W., 
Electcical  Anesthesia  with  Constant  Cur¬ 
rents,  Proceedings  of  the  American  Physio 
logical  Society,  April.  1941. 

(9)  Brazier,  M.  A.  B.,  A  Method  for  the 
Investigation  of  tlie  Impedance  of  tlie 
Human  Body  to  an  .Mternating  Current. 
The  Journal  of  the  Institution  of  Electrical 
Engineers,  73,  No.  440.  .\ugust.  lO.I.'l. 

(10)  Brazier.  Jf.  A.  B..  The  Impedance 
.\ngle  Test  for  Tliyrotoxicosis,  ’I'hc  IVest 
ern  Journal  of  Surgery,  tlhstctrics  and 


Aladdin  would  not  hava  undaratood;  Noah 
Wabztar,  had  ha  known  tha  word,  might  hava 
dafinad  it: 

Airionicz  (ar  aa  on*  ikt)  n.  I.  A  sarvica 
in  alactronics.  Tha  davalopmant  of  alac- 
tronic  principlat  for  tha  common  good, 
combining  (cianca,  anginaaring,  human  in- 
taratt,  friandly  collaEwration  and  buzinasi 
intagrity.  Tha  alactronic  sciancat  appliad 
to  communications,  navigation  aids,  or 
othar  davicas  nacassary  to  tha  safety 
of  aircraft,  ships  at  saa,  ground  trans¬ 
portation  and  industry.  An  antity  of  prac¬ 
tical  alactrical  scianca  and  anginaaring 
facilitias  to  produca  a  usaful  davica. 


DUPLICATING  and  PROFILING 


Aladdin  callad  on  his  Gania,  you  can  call 
on  Airionics. 

Now  — Mava  you  fait  tha  naad  of  an 
AIRIONICS  davica  in  your  homa,  on  your 
motor  vahiclas,  your  ship,  your  aircraft,  in 
your  plant?  Can  a  procass  or  unit  ba  Im- 
provad?  Is  thara  a  missing  link?  If  so, 
plaasa  writa,  outlining  your  problam. 
AIRIONICS  may  ba  tha  answar.  If  not, 
wa'II  honastly  say  so.  No  obligation.  Just 
addrass  AIRIONICS  ENGINEER. 


Accurate  Engraving 
with  Unskilled  Operators 

Unskillad  operators  will  profila  or  ac< 
raproduca  in  smooth 
bar,  lattar,  amblem,  s 
coppar,  aluminum,  sol 
Hare  are  some  of  its 
•  Drills  a  series  of 
parts. 

e  Cuts  an  even  chani 


PLUSWOOD  is  a  hiyk-density  wood 
and  resin  laminate  that  is  lighter 
than  aluminum  hut  can  handle 
many  of  the  structural  loads  of 
heavy  metals.  When  a  cutting  torch , 
capable  of  burning  through  half¬ 
inch  steel  in  11  seconds,  was  applied 
to  the  same  thickness  of  Plnswood, 
it  took  S9  seconds.  In  manufacture, 
layers  of  wood  and  phenolic  resin 
are.  subjected  to  a  pressure  of  2,500 
tons  over  a  platen  area  of  7x18 
feet,  u'hile  heat  is  applied  from  a 
high-frequency  electrostatic  heat¬ 
ing  unit. 


mel  for  wiring  on  panels. 

*  Increases  accuracy  and  production. 

•  Works  from  original  drawing  or  templates 

*  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 

this  aad  othar 


it  The  regiitered  Symbsl »/  Creative  Design. 
Engineering  and  or  Production  by 


For  complete  information  on 
models  and  prices  writ#  Dapt.  K. 


^NARVEY-WELLS  I 

\y  incorporated  I 

^PLANNING  FOa  TOMORROW-TODAY^ 

SOUTHBRIDGE,  MASS. 
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History  of  Communications  Number  Three  of  a  Series 


An  early  cominunications  instrument  was  the  Tom-Tom— to  prove  its  effi¬ 
ciency,  it  is  still  used  by  the  natives  of  Africa.  Tom-Tom  signals  are  “Beat 
out”  along  jungle  lined  rivers,  but  even  then  distance  is  a  handicap,  and 
“reix.‘ater”  stations  are  many. 

Like  all  means  of  communications,  other  than  voice  communication,  trans¬ 
lation  of  coded  signals  must  take  place  in  which  additional  .skill  is  rerjuired, 
and  another  chance  of  error  is  presented.  As  in  the  case  of  the  Tom-Tom 
beater:  knowledge  of  the  Tom-Tom  code  was  restricted  to  a  special  family 
within  the  trilje,  and  was  handed  down  from  generation  to  generation. 

Today,  Universal  Microphones  in  the  hands  of  the  fighting  men  of  the  Allied 
Armed  Forces  are  performing  a  simple  but  vital  need  in  electronic  voice  arm- 
munications  where  their  quality  and  efficiency  arc  bringing  us  one  step  closer 
to  victory. 


<  M<h!cI  T~30-S,  illustrated  at  left,  is  but  one 
of  several  military  type  microphones  now  avail¬ 
able  to  priority  users  through  local  radio  jobbers. 

UNIVERSAL  MICROPHONE  CO.,  LTD 

INGLEWOOD,  CALIFORNIA 


XOGN  DIVISIOM:  301  CLAY  STREET,  SAN  FRANCISCO  II,  CALIFORNIA  ••  CANADIAN  DIVISION:  SM  RING  STRUT  WEST,  TORONTO  I,  ONTARIO,  CANADA 
-ECTRc  NICS  — ApnV  1944  3 


PRIMITIVE  COMMUNICATIONS 


Talk  Abouf 

PRODUCTION 


Gynecology,  t’art  t,  AiiguMt,  1935 ;  Tart  Ii 
SeptemtH^r,  1935. 

(11)  Sargant,  William.  Fraser,  Kuggeii 

and  Bralzer,  M.  A.  B.,  The  Impedance  Anii» 
and  Its  Relation  to  Thyroid  Treatnient^b 
Mental  Disorders,  The  Journal  of  ATestai 
Science.  March,  1938.  ‘ 

(12)  Kehoul,  J.,  Davis.  H..  and  Fried 
go^,  H.  B.,  Electrical  Studies  of  OvuUtlon 
in  the  Rabbit.  The  American  Journal  of 
Phytiology,  180,  No.  4,  December,  1937  ' 

(13)  Lancnian,  Louis,  and  Burr,  11.  g 
Electrometric  Timing  of  Human  Ovulation 
American  Journal  of  Obstetrics  and  Oyne- 
cology,  44.  No.  2,  p  223-230.  August,  iwo 

(14)  Talbot,  Samuel  A.,  A  Multipb 
Sweep  System  for  Cathode-Ray  (blci). 
lography.  The  Review  of  Scientific  Initn- 
mente,  11,  No.  9,  p.  289-291,  September 
1940. 

(15)  Williams,  D.,  and  Gibbs.  F.  A 
Ijocalisation  of  Introcranial  Lesions  by 
Electroencephalography,  Mew  Rngland  j 
Hed..  81*.  p.  998-1002,  1988. 

(16)  W’itwer.  E.  R.,  Derbyshire.  A.  J 
and  Corrigan,  K.  E.,  Application  of 
New  Technics  to  Study  of  Brain  “ 
Radiology.  41,  No.  2,  p.  130-141 


August 

hn  E.,  and  Rahm.  Walter 
man  Electro-Cortlcoeraui 
5,  p.  418-426,  1941. 
Donald  B.,  and  Cfumen 
Electromyonaphlc  Stml.v 
ohivee  of  Neurology  and 
February,  I93fi 


Here  is  an  example  of  “DIE-LESS  DUPLI¬ 
CATING”  typical  of  a  great  variety  of 
formed  parts  readily  made  with  DI-ACRO 
Precision  Machines, — Benders,  Brakes, 
Shears.  Picture  below  shows  an  acute  right 
angle  bend  and  photograph  above  shows  the 
finished  part  formed  to  die  precision.  Women 


“Enclosed  pictures  in  our  plant  prove  the 
DI-ACRO  ^nder  will  do  a  real  production  job. 
We  are  making  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.” 
(Name  on  request)  , — 


Edward  C.,  An  1 _ 

of  Myotonia,  Archivee  of 
Psychiatry,  35,  258-269, 

(19)  Schwab,  Robert  8., 

ley.  Simnltaneous  Blectr _ ,  _ 

Electroencephalograms  In  Paralysis  Agi 
tana.  Journal  of  NeurophysioU/gy,  s,  n 
36-41,  January,  1939. 

(20)  Watkins,  Arthur  L.,  Brazier,  Miirr 
A.  B.,  and  Schwab,  Robert  S.,  Concepts  oif 
Muscle  Dysfunction  in  Poliomyelitis.  Thr 
Journal  of  the  American  Uedxcal  Assoria 
tion.  183,  p.  188-192,  September  25,  194.1 

(21)  Nyboer,  Jan.  The  Normal  and  Aly 
normal  Esophageal  Electrocardiogram,  with 
Particular  Reference  to  Myocardial  Infarc 
tion.  The  American  Heart  Journal,  88,  Xr, 


opteraring  DI-ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 

showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  “DIE¬ 
LESS  DUPLICATING.” 


321  EIGHTH  AVENUE  SOUTH 


GIRL  INSPECTOR 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


EXCELLENT  FINISH 


MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


PROMPT  DELIVERIES 

Send  for  full  information 


Inspector  Lillian  Pichman  viiuoUy 
checks  one  of  the  radio  tronsmitiert  for 
tanks  manufactured  at  Western  Elec¬ 
tric's  Hawthorne  Works  in  Chicago. 
Operating  channels  are  selected  by 
pushbuttons 
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electron 


A  TYPICAL 
S.  S.  WHITE 
FLEXIBLE  SHAFT  AND 
CASING  COMBINATION 


Where  electronic  equipment  design  calls  for  the  trans¬ 
mission  of  power  between  points  which  can't  be  direct- 
connected,  it  will  pay  you  to  find  out  first,  whether  a 
flexible  shaft  will  meet  the  requirements. 

The  illustrations  above  make  clear  why  it  will  pay.  In 
place  of  the  various  gears,  shafts,  bearings,  bolts  or  other 
mechanical  elements  that  would  otherwise  be  required, 
a  simple  flexible  shaft  unit,  like  the  one  shown,  will  trans¬ 
mit  power  between  any  two  points,  regardless  of  the 
relative  locations  of  the  points  or  the  distance  between. 
And  once  the  details  of  the  flexible  shaft  unit  have  been 
worked  out  to  meet  the  load  and  other  requirements 


of  the  specific  job,  the  units  come  to  you  all  ready  for 
easy  connection  to  driving  and  driven  members. 

All  this  adds  up  to  less  manufacturing  for  you,  easier 
assembly,  lower  costs. 

For  the  same  reasons  it  will  pay  you  to  consider 
flexible  shafts  first,  where  the  design  calls  for  mechanical 
remote  control. 

If  you  are  not  familiar  with  the  range  and  scope  of 
S.  S.  White  Power  Drive  and  Remote  Control  Flexible 
Shafts,  the  following  Bulletins  will  give  you  this 
Information; 

BULLETIN  1238— Power  Drive  Flexible  SheHs. 

BULLETIN  38-42 — Remote  Control  Flexible  Sheftt. 

Copies  will  be  mailed  to  you  on  request.  Write  for  yours  today. 


THE  S.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL .. 

•  DEPT.  1.  10  EAST  40th  ST.,  NEW  YORK  16,  N.  Y. 


DIVISION 


FLEXIBLE  SHAFTS  AIRCRAFT  ACCESSORIES 

MOLDED  PLASTICS 

MOLDED  RESISTORS  FlEXI  BLE^SH  AFT  TOOLS 
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NEW  BOOKS 


Practical  Radio 
Communication 

By  Arthur  R.  Nilson  and  J.  L. 
Hornung,  McGraw-Hill  Book  Co. 
New  York,  Second  Edition,  19^3,  922 
pages,  price  $6.00. 

A  REVISION  of  the  authors’  well- 
known  first  edition,  still  constitut¬ 
ing  a  complete  course  in  radio  op¬ 
erating  and  thorough  preparation 
for  all  operator’s  license  examina¬ 
tions  but  now  increased  consider¬ 
ably  in  size  to  cover  very  high  and 
ultrahigh  frequencies  along  with 
frequency  modulation.  Approxi¬ 
mately  two-thirds  of  the  text  is 
new,  and  a  rearrangement  of  maie- 
rial  concentrates  basic  radio  prin¬ 
ciples  in  the  first  eight  chapters. 
I'here  are  four  complete  new  chap¬ 
ters  on  marine  radio,  including  au¬ 
tomatic  alarms  and  modern  direc¬ 
tion  finders.  Other  important  addi¬ 
tions  include  chapters  on  latest 
broadcast  equipment,  cathode-ray 
oscilloscopes,  antenna  arrays,  and  a 
collection  of  Ohm’s  law  problems 
and  explanations. — J.M. 


vA  Insol®""® 

KNISHES 


Insure  the  Life  of  Your  Electrical  Equipment 

Pedigree  Varnishes  are  prepared  with  the  greatest  of  care  to 
give  them  the  ability  to  do  the  best  known  job  of  protecting  elec¬ 
trical  parts  —  from  oil,  greases,  acid,  alkali,  moisture,  abrasion, 
or  any  other  hazard  to  which  your  product  may  be  subjected. 


There’s  a  Pedigree  electrical  varnish  to  meet  any  situation  you 
may  encounter.  Whether  it's  for  today’s  production  or  tomorrow’s 
plans,  specify  Pedigree. 


P.  D.  GEORGE  €0. 

5200  North  Second  Street,  St.  Louis,  Missouri 


arrin^ 


Right  now  STEATITE  has  the  stage,  and  the  STAR  product 
is  out  in  front.  Millions  of  our  Steatite  insulators  are  in  use  in 
the  armed  forces,  insuring  free  communication  between  fliers 
and  control  towers,  and  proper  functioning  of  radio  beams. 

For  television  and  other  peacetime  products, 

STAR  Steatite  will  be  equally  indispensable. 


Radio  Receiver 
Design  (Part  I) 

By  K.  R.  Sturiley,  Ph.D.,  Marcom 
School  of  Wireless  Communication, 
England.  John  Wiley  &  Sons,  Inc.,  iS5 
pages,  price  $^.50,  19^3. 

These  two  recent  books  cover  es¬ 
sentially  the  same  subject  matter, 
the  aim  of  the  author  of  the  first 
being  “to  convey  to  the  reader  some 
of  the  experiences  of  a  radio  de¬ 
signer  obtained  over  a  number  of 
years  in  a  large  works  laboratory”; 
the  aim  of  the  second  author  being 
“to  bring  together  the  fundamen¬ 
tals  of  radio  receiver  design.’’  The 
second  book  covers  tubes,  antenna." 
and  antenna  coupling  circuits,  r-f 
and  i-f  amplifiers,  frequency  chang¬ 
ers,  detectors  and  oscillators  for 
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A  'musf  for  radio  engineers 

says  Electronics 

"A  necessary  addition  to  every  radio 
engineer's  working'  library  "-Radio 


Ternfion  S  ^adlo  ^naineerd’  ^JdandLooL 


More  than  1,000  pa^es,  6x9 
profusely  illustrated 


By  Frederick  E.  Terman 


Profestor  of  Electrical  Engineering  and  Executire  Head,  Electrical 
Engineering  Department,  Stanford  Univertity  (absent  on  leare), 
Director,  Radio  Research  Laboratory,  Harrard  University 


Sue  Features  of  the  Handbook 


IV  fonnulsi  and  curves  on  skin  effect,  indue- 
ivice,  mutual  inductance,  and  capacity  repreaent 
iV  moat  complete  collections  ever  presented  in 
me  place.  The  same  is  true  of  the  transmission 
lute  equations,  the  formulas  for  field  patterns 
tad  tadiation  resistance  of  antennas,  the  treat 
nent  of  ground-wave  and  ultra-high-frequenc> 
sropagation. 


One  of  the  most  complete  works  of  its  kind  ever  published,  this  outstanding 
reference  work  presents  a  wealth  of  essential  theory  and  up-to-date  standards, 
pra^ice,  and  data,  especially  selected  and  organized  to  meet  the  needs  of  the 
engineer  dealing  with  practical  radio  and  electronic  problems. 


Nnwork  theory  is  covered  in  a  straightforward 
•nd  comprehensive  way  that  will  help  widen  the 
mderstanding  of  such  matters  as  Foster's  re- 
ictsnce  theorem,  attenuation  and  phase  equalia- 
tn,  lattice  and  ladder  filters  of  various  types, 
■pedance  matching  and  insertion  loss,  the  re 
htion  between  attenuation  and  phase  shift,  etc. 
TV  treatment  of  electron  optics  is  noteworth; 
a  that  it  is  the  first  summary  of  the  suhjeci 
that  has  appeared  in  handbook  form,  and  also 
because  it  presents  the  most  complete  collection 
d  data  on  electron  lenses 


1.  Tables,  Mathematical  Relations, 
and  Units 

2.  Circuit  Elements 

3.  Circuit  Theory 

4.  Vacuum  Tub«  and  Electronics 

5.  Vacuum-tube  Amplifiers 

6.  Oscillators 


13  big  sections,  covering 

cal  Relations,  7.  Modulation  and  Demodulation 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagation  of  Radio  Waves 

d  Electronics  11.  Antennas 

lifiers  12.  Radio  Aids  to  Navigation 

13.  Measurements 


Terman’s  Handbook  concentrates  on  those  topics  which  the  radio  man 
thinks  of  as  constituting  radio  engineering — presented  in  concise  descriptions, 
fundamentals,  formulas,  procedures  useful  in  actual  design,  tables,  diagrams, 
etc.  Consult  it  for  data  needed  in  routine  problems  of  design  and 
practice,  or  in  investigation  of  special  problems  or  branches  of  work. 
Check  your  methods  against  best  accepted  practice.  Save  time,  trouble, 
and  error — get  quick,  dependable  answers  to  your  questions,  when 
you  need  them,  from  Terman’s  Radio  Engineers’  Handbook. 

one  of  the  first  copies  off  press.  Just  mail  the  coupon;  pay  for  or 
return  the  book  after  examination.  This  authoritative  and  convenient  summary 
of  radio  engineering  knowledge  can  be  of  constant  and  valuable  aid  to  you. 
Send  the  coupon  today. 


McGRAW-HILL  ON-APPROVAL  EXAMINATION  COUPON 


MoOKAW-HILI,  BOOK  CO..  SSO  W.  4tnd  St..  New  York  18.  N.  T. 

Bend  me  Terman'e  Radio  Enxlneera'  Handbook  for  10  days’  examination  on  approvaL 
In  10  days  I  will  send  ft, 00,  plus  few  cents  postage,  or  return  book  postpaid.  (Postage 
paid  on  cash  ordera  same  examination  and  return  privilege.) 


Address  . Position 


City  and  State . Company 
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IK’ .. . 


FOR  OUTSTANDING  PERFORMANCE! 
COMPACT 
SHOCK-PROOF 

...  A  small  general  purpose  relay  ideal  for 
communication  equipment  of  all  kind,  radio 
equipment,  aircraft  equipment  and  other 
essential  applications. 

WRITE  FOR  DESCRIPTIVE  CATALOG 

umlnelcl 

PnncetonJ  n  d  i  a  n  a\ 

•  THE  POSITIVE  ACTION  RELAY” 


superheterodynes.  Part  II  of  this 
book  will  take  up  audio  circuits 
power  supply  etc.  In  addition  to 
these  general  subjects,  the  first 
book  covers  such  matters  as  selec¬ 
tivity,  volume  control,  shielding, 
distortion,  trouble  shooting. 

Both  are  English  books  and  use 
English  terminology,  which,  in  gen¬ 
eral,  does  not  bother  an  American 
reader.  The  purport  is  usually  clear 
even  if  the  language  differs  some¬ 
what.  Both  are  useful  books,  full 
of  mathematical  derivations  and 
formulas  which  are  necessary  to  de¬ 
sign  the  individual  radio  circuits, 
both  containing  many  examples  of 
design  with  numerical  constants; 
both  books  are  well  illustrated.  The 
choice,  if  one  had  to  choose,  would 
be  whether  he  wanted  a  more  de¬ 
tailed  treatment  in  two  volumes  or 
wanted  the  whole  subject  buttoned 
up  in  a  single,  smaller  volume. 

The  circuits  treated  are  conven¬ 
tional,  but  the  literature  on  them  is 
widely  scattered.  Both  books  serve 
to  assemble  within,  single  covers 
much  information  of  practical  as 
well  as. theoretical  value. — k.h. 


★  Bakelite  Case  and  Cover  ^ 

★  Improved,  slotted  groove 

'k  Neoprene  Gasket,  positive 
seal . . .  waterproof 

k  Phosphorus  bronze  contact 
plates 

k  Better  electrical  characteris¬ 
tics 

★  Easier  to  assemble 

k  Designed  to  conserve 
precious  metals 

Write  for  samples  and  prices  .  j  .  prompt 
delivery  on  quantity  orders. 
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Glossary  of  Terms  Used  in 

Electrical  Engineering 

By  British  Standards  Institution, 
28  Victoria  St.,  London,  S.  W.  1.  In 
eight  paper-covered  parte  ranging 
from  16  to  S2  pages  each.  Price  2t  per 
part,  19^8. 

Owing  to  present  conditions  in 
England,  it  was  not  found  prac¬ 
ticable  to  publish  this  new  edition 
of  the  Glossary  as  a  complete  vol¬ 
ume.  It  has  instead  been  issued  in 
a  number  of  parts,  each  containing 
one  or  more  sections  as  follows: 

Part  1 — Contains  Section  1  (General), 
covering  elemental  terms,  fundamental 
electric  and  magnetic  terms,  units,  tech¬ 
nological  terms,  apparatus  and  general 
terms. 

Part  2 — Contains  Section  2  (Machines 
and  Transformers),  covering  generators, 
motors,  composite  machines,  tran.sfonn- 
ers,  parts  of  machines  and  transformers, 
parts  and  types  of  windings,  qualifying 
terms  applied  to  machines  and 
formers,  and  miscellaneous  terms  applied 
to  machines  and  transformers.  . 

Part  3— -Contains  Section  3  (Switchgear 
and  Control  Gear)  and  Section  4  (Meters 
and  Measuring  Instruments),  covering 
switches  and  circuit-breakers,  fuses, 
starters  and  controllers,  regulators,  other 
devices  and  parts,  switchgear, 
sockets,  etc.,  qualifying  terms  appllM  to 
switchgear  and  control  gear,  and  tech¬ 
nological  terms ;  general,  indicating  a^ 


gjon  and  ] 

feeders  an 
eonstructic 
const  ruoUc 
Part  0- 
chemlstry) 
covering  g 
cells  and  s 
eluding  r 
*nd  elctro 
bonding  i 
conductor- 
vehicles  a 
ment  conti 
Part  6— 
Heating  ai 
Ing  illumi 
ment  lami 

Kof 
rs  a 
laneoua 
Part  7- 
and  Surge 
cellaneous 
Welding,  : 
Addenda  a 
Ing  llghtn 
tectlon  of 
surge  proti 
tlon  syste 
paratus, 
electrical 
application 
terms. 

Part  8— 
Sections. 


Terms 
cation,  v 
tions  9  a 
will  be  i 
vision  of 
The  ol 
been  to  a 
the  techn 
cal  scieni 
the  genei 
a  term  in 
with  no  8 
rigid  en( 
specificat 
terms  an 


ia  given 
that  it 
the  othe: 
desirable 
All  in  all 
favorablj 
of  Amer 
of  Elect 
saries  pr 
tance  as 
list  “indi 
ing  wher 
be  used  i 


“PET 
fold  i 


deflat 
of  pk 


carrii 
feete( 
rich  I 
tion 


juen 


to  th 
J 


electron 


and  DiBtrlbutlon),  covering  systems, 
•rs  and  mains,  conductors  and  cables, 
Tuctlonal  features,  overhead-line 
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conductor-rail,  overhead  construction, 
reblcles  and  equipment,  vehicle  equip¬ 
ment  control,  and  miscellaneous  terms. 

Part  6— Contains  Section  8  (Lighting, 
Heating  and  Domestic  Appliances),  cover¬ 
ing  Illumination  and  photometry,  fila¬ 
ment  lamps,  arc-lamps  and  other  lamps, 

Kof  lamps,  heating  and  cooking, 
gs  and  accessories,  and  miscel- 
laneoua 

Part  7 — Contains  Section  9  (Lightning 
and  Surge  Phenomena),  Section  10  (Mis¬ 
cellaneous  Applications,  including  Lifts, 
Welding,  X-Rays,  and  Electrical  Terms), 
*-■*  \ppendlx  (Symbols!,  cover- 
ihenomena,  lightning  pro- 
.dir~3,  surge  ^  propagation, 

research  and  testing  ap- 
Impulse-voltage  testing 
electric  welding,  various 
and  electromedical 

"part  8 — Alphabetical  Index  to  all  the 
Sections. 

Terms  relating  to  Telecommuni¬ 
cation,  which  were  given  in  Sec¬ 
tions  9  and  10  of  the  1936  edition, 
will  be  issued  separately  in  a  re¬ 
vision  of  B.S.  204:1943. 

The  object  of  this  glossary  has 
been  to  standardize  and  coordinate 
the  technical  terms  used  in  electri¬ 
cal  science  and  industry.  It  gives 
the  generally  accepted  meaning  of 
a  term  in  understandable  language, 
with  BO  attempt  to  make  definitions 
rigid  enough  to  take  the  place  of 
specifications. 
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synonymous 
terms  are  in  use,  the  favored  term 
is  given  first  with  the  intention 
that  it  should  gradually  displace 
the  others. 


All  standarci  ranges  from  a  fraction  of  an  ohm  to 
10  megohms.  For: 

.  ELECTRONIC  CIRCUITS 

INSTRUMENTATION 
RADIO 

.  CONTROL  APPARATUS 

HIGH-VOLTAGE  MEASUREMENTS,  ETC. 


Terms  considered  un¬ 
desirable  are  marked  “deprecated”. 
All  in  all,  the  work  compares  quite 
favorably  with  ASA-AIEE  edition 
of  American  Standard  Definitions 
of  Electrical  Terms.  Both  glos¬ 
saries  present  capacitor  and  capaci¬ 
tance  as  preferred  terms,  and  both 
list  “inductor”  without  clearly  stat¬ 
ing  when  if  ever  this  term  should 
be  used  in  place  of  coil. — j.m. 


Standard  tolerance  1%.  (Commonly  calibrated  to 
an  accuracy  of  0.5,  0.25  and  0.1  of  1%.) 


IVrife  /or  Shallcross 
AKRA-OHM  Catalog. 


‘PETE  THE  ICEMAN' 


ts  a  mani- 
fold  solenoid  de-icer  system  with 
electronic  control  that  inflates  and 
deflates  tubes  along  the  wing  edges 
of  planes,  so  that  ice  broken  loose 
h  pulsating  rubber  boots  can  be 
tarried  off  by  the  slip  stream.  Per¬ 
fected  by  engineers  of  B.  F.  Good- 
^ch  Co.  and  Eclipse-Pioneer  Divi- 
of  Bendix  Aviation  Corp.,  it 
twbles  the  pilot  to  vary  the  fre- 
of  the  pidsations  to  give 
^Timum  effectiveness  in  relation 
to  the  thickness  and  type  of  ice  6c- 
formed. 


SHALLCROSS 
BOND  TESTERS 


SHALLCROSS 

INSTRUMENTS 
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tical  form  without  long  derivations. 
As  such,  it  should  appeal  to  radio 
engineers,  operators,  amateurs, 
teachers  and  students  who  have 
need  for  information  beyond  that 
presented  in  elementary  radio 
texts. — J.M. 


mtnt,  A.  S.  Co88or,  Ltd.  London.  John 
WUey  &  Son8,  Inc.,  New  York.  19 US, 
m  page8,  price  $2.75. 

Only  a  few  years  ago,  it  would 
not  have  seemed  possible  that  a 
whole  book  could  be  written  around 
the  methods  for  establishing  a  time 
base  in  cathode-ray  oscillography. 
This  is  what  Mr.  Puckle  has  done. 

In  a  cathode-ray  oscilloscope, 
electrons  are  swept  rapidly  across 
the  screen  at  a  known  velocity 
which  may  be  constant  or  may  not 
be.  The  time  required  for  the  elec¬ 
trons  to  move  across  (or  around) 
the  screen  being  known,  occur¬ 
rences  causing  a  change  in  the  mo¬ 
tion  of  the  electrons  may  be  accu¬ 
rately  timed  by  noting  the  position 
on  the  screen  at  which  these  events 
are  signalized. 

This  book,  a  monograph  on  the 
many  methods  of  establishing  time 


BLIND  TAUGHT  RADIO 


Found  in  all  important  units  that  keep 
fighting  men  warned,  informed  and 
directed,  are  chokes. 

Chicago  Transformer  has  contrib¬ 
uted  many  features  of  importance 
to  their  design,  manufacture  and 
improvement. 


Circuit  damonitration  board  in  use  at 
tba  Inatituto  lor  the  Education  oi  tha 
Blind.  Tha  board,  inrantad  by  tnatrwetor 
Hobart  Gundarson,  lalt,  bos  tachnical 
data  in  Brailla  lor  circuit  componanta 


electronics  — >tpn7  1944 


of  th’ 


greatly 


Here’s  where 
FREE  CUTTING 


improving^lree  cuttin| 
providing 'qdditwnol 
Heat  from  fricttoff! 


iAfiHt,  . . 


DI-MET 

RIMLOCKS 

^€i4t€n>  cuUch^ 

t$((X 


FELKER  MANUFACTURING  CO. 


1116  BORDER  AVI.,  TORRANCE,  CALIF 


\\anu\aKtuitr\  of 

DIAMOND  ABRASIVE  WHEELS 


H-B  Thermostats  and  Thermo- 
regulators  (adjustable  thermo¬ 
stats)  are  used  extensively  in 
both  laboratory  tmd  production 
equipment.  Ranges  of  application  are  from 
minus  30to+350‘’F.  (minus35  to-4-180°C.) 
and  both  straight  and  angle  types  are 
available.  Temperatiu-es  can  be  maintained 
with  these  instruments  to  an  accuracy  of 
a  fraction  of  a  degree.  Many  shapes  and 
sizes  now  available  for  shipment,  and 
single  units  yr  quantity  lots  can  be  fur¬ 
nished.  Write  for  H-B  Blue  Book  4. 


In  the  n.S.  Army,  the  soldier  operotin 
the  mine  detector  marks  the  spot  an 
moves  on.  Another  soldier,  trained  i 
recovery,  digs  up  the  mine,  but  can 
fully.  Other  personnel  in  the  vicinit 
lie  on  the  ground  to  escape  the  upwai 
blast  if  mishap  .occurs 


H-B  INSTRUMENT  COMPANY 

2524  No.  Brood  Street,  Philadelphia  32,  Penno- 
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THERMO-REGULATORS 
AND  THERMOSTATS 
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I^Short  Wave  Wireless 
I  'Communication 

By  A.  W.  Ladner,  Principal,  The 
Marconi  School  of  Wireleae  Communi¬ 
cation,  and  C.  R.  Stoner,  Lecturer  at 
Queen  Mary  College.  John  Wiley  & 
Sons,  Inc.,  New  York,  Fourth  Edition 
(Reprinted  from  British  book),  1943, 
573  pages,  prise  $6.00. 

In  modernizing  this  British  text  to 
j  cover  latest  publishable  theories  and 
facts  on  American,  English  and 
European  short-wave  developments, 
the  authors  have  carefully  retained 
essential  fundamental  data.  The 
first  half  of  the  book  contains  these 
essentials  along  with  76  pages  on 
propagation,  a  chapter  on  high-fre¬ 
quency  feeders  and  a  chapter  on 
;  aerials  of  various  types.  The  re¬ 
maining  half  of  the  book  deals  with 
power  amplifiers,  oscillators,  veloc¬ 
ity-modulating  systems,  the  Kly¬ 
stron  and  similar  modem  develop¬ 
ments  that  are  playing  such  im¬ 
portant  roles  in  short-wave  com¬ 
munication,  detection  and  control 
today.  There  is  a  comprehensive 
chapter  on  high-frequency  thera¬ 
peutic  apparatus,  and  three  chap¬ 
ters  on  commercial  communications 
equipment  (chiefly  British).  This 
new  wartime  edition,  like  its  pre- 
‘decessors,  uses  mathematics  only 
when  essential  and  then  in  a  prac- 
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electrical,  chemical  and  other  terms 
necessarily  included  because  of 
their  relation  to  civil  engineering 
work. 

There  being  considerable  varia¬ 
tion  in  the  use  of  words  among  the 
eighteen  Spanish-speaking  repub¬ 
lics  of  the  Americas,  local  terms 
are  given  for  words  in  this  cate¬ 
gory,  with  identification  of  the 
countries  in  which  they  are  used. 

As  with  most  two-language  dic¬ 
tionaries,  this  book  is  divided  into 
two  equal  sections.  In  the  first,  the 
Spanish  words  are  listed  alphabet¬ 
ically,  each  followed  by  its  English 
equivalents.  Example:  pila  foto~ 
elietriea,  photoelectric  cell.  In  the 
second  section,  English  words  are 
listed  alphabetically  ^d  followed 
by  Spanish  equivalents.  No  defini¬ 
tions  of  the  terms  are  included.  Ab¬ 
breviations  are  similarly  handled  in 
two  separate  tabulations. — J.M. 


)Iathematics  of  Radio 
Communication 

By  T.  J.  Wang,  Ph.  D.,  Ohio  State 
University.  D.  Van  Nostrand  Co.,  New 
York.  S70  pages,  19J^S.  Price  $3.00. 

Radio  and  electronics  are  engin¬ 
eering  sciences  which  depend  very 
greatly  upon  mathematical  bases; 
and  the  worker  in  these  fields  who 
does  not  have  good  access  to  these 
tools  finds  himself  severly  handi¬ 
capped.  Any  book,  therefore,  which 
helps  the  radio  engineer  review  his 
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The  contributions  which  Sigma'  Instru¬ 
ments  hove  mode  in  the  relay  field  are 
but  a  promise  of  significant  new  devel¬ 
opments  to  come. 

Study  the  typical  operating  cycle  of  the 
new  Sigma  Series  5  Relay  shown  above 
— notice  that  it  is  operating  at  5  Milli¬ 
watts  with  4  mil  air  gap  between  con¬ 
tacts,  and  4  mil  air  gap  at  poles.  Notice 
further,  that  contact  pressure  of  over  40 
grams  is  provided  in  the  energized  state 
and  28  in  the  deenergized  state. 

The  possibilities  of  this  relay  can  be 
imagined  when  it  is  realized  that  a  con¬ 
tact  pressure  of  only  20  grams  is  suffi¬ 
cient  (on  the  Series  5)  to  withstand  11  g's 
vibration. 
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bases,  outlines  the  historical  devel¬ 
opment  of  the  methods,  describes 
them,  indicates  how  to  produce  a 
linear  trace,  a  circular  trace,  spiral 
traces  or  any  other  sort  of  time 
base  that  may  be  desired  for  a  spe¬ 
cific  purpose. 

Such  matters  as  trigger  circuits, 
blocking  oscillators,  synchroniza- 
ton,  generation  of  square  waves, 
the  multivibrator,  naturally  comes 
into  such  a  book.  In  fact  anyone 
wanting  to  be  up-to-date  on  much 
modem  technique  involving  transi¬ 
ent  conditions  and  pulses  could 
learn  a  great  deal  by  studying  this 
little  volume,  despite  the  fact  that 
English  terms  and  American  terms 
do  not  agree  at  times. — k.h. 


By  Louis  A.  Robb,  John  Wiley  & 
Sons,  Inc.,  New  York,  19jH,  UtS  paget. 
price  $6.00. 


(Compiled  to  answer  a  need  in 
Latin  America  for  Spanish  equiva¬ 
lents  of  English  engineering  and 
construction  terms.  The  field  of  the 
present  volume  is  the  vocabulary 
of  civil  engineering  in  all  its 
branches,  with  many  mechanical. 


It  may  prove  mighty  useful  to  you.  This  small,  precision  built 
permeability-tuned  I-F  Transformer  was  developed,  proved  and  is 
being  used  with  outstanding  success  on  a  variety  of  vital  war  appli¬ 
cations.  Now  available  for  more  general  use,  it  may  be  just  what 
the  doctor  ordered  for  some  of  your  present  or  projected  components. 
Better  have  the  complete  facts  on  this  simple  precise  transformer 
readily  available.  AslT  us  about  the  LS-1  transformer. 
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BURNDY  Limiters,  multiple  or 
single  type,  provide  section- 
ized  protection  against  electrical 
faults  in  aircraft  networks  and 
radial  circuits.  Mr.  Julian  Rogoff, 
Asst.  Chief  Engineer,  tells  you 
why  Burndy  uses  Boots: 

'')X  e  use  Boots  Rol-Top  Nuts 
(illustrated  above)  to  clamp  our 
Limiter  Links  because  we  must 


have  a  ftermanentlY  secure  joint 
no  mutter  how  much  vibratum  may 
be  present  or  how  much  heat  may 
be  generated  as  a  result  of  short 
circuits  or  fault  condition.  In 
addition,  the  nuts  must  be  used 
more  than  once,  especially  when 
it  is  necessary  to  replace  the 
Limiter  Links  which  may  have 
cleared  the  circuit  of  a  fault.” 


BOOTS 


SELF-LOCKING  NUTS 


WING-STYLE  NUT 

Vibration  raiinol  Iook- 
rn  thr  Bool*  Wing- 
Style  Nut*,  also  uaed 
by  Burndy,  to  mount 
Ljmitrra  on  the  lup. 
porting  structure. 


After  evacuation,  a  gas  flame  is  used 
to  cut  off  tubes  from  the  glass  tubioq 
connecting  them  to  the  air  pump  in  the 
Western  Electric  Chicago  plont 


The  LS-I  shemm  »bcv*  it  mctnel  War. 


BOOTS  AIRCRAFT  NUT  CORPORATION,  GENERAL  OFFICES,  NSW  CANAAN,  CONN. 
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mathematics,  or  which  aims  to  ini¬ 
tiate  the  radio  man  into  the  mys¬ 
teries  of  mathematics,  is  an  im¬ 
portant  book.  Its  value  increases  as 
some  high  powered  function  of  its 
excellence. 

It  seems  to  this  reviewer  that  Dr. 
Wang  has  produced  a  good  book.  It 
is  not  too  simple;  nor  will  the 
reader  get  stuck  before  he  really 
gets  started  as  is  too  often  the 
case  with  many  mathematical  books 
which  purport  to  be  “refreshers.” 

The  contents  are  divided  broadly 
into  fundamental  processes  includ¬ 
ing  arithmetic  and  algebra;  labor¬ 
atory  practice  such  as  graphs,  and 
other  matters  ordinarily  called  an¬ 
alytical  geometry  and  such  subjects 
as  relative  errors,  slide  rule  pro¬ 
cedure,  and  significant  figures. 
Then  follows  a  division  devoted  to 
the  several  basic  algebraic  manipu¬ 
lations  including  exponents.  Next 
will  be  found  the  tools  necessary  to 
solve  a-c  problems;  then  a  rather 
large  section  on  vectors  including 
complex  notation;  and  finally  a  sec¬ 
tion  on  “advanced  studies”  which 
include  differentiation,  power  func¬ 
tions,  integration,  Fourier  series 
and  determinants. 

There  are  many  useful  problems; 
and  the  few  typographical  errors 
spotted  by  this  reviewer  will  be 
more  annoying  to  the  author  than 
to  the  reader. — K.H. 


standard  sinca  1931  on  the  prod¬ 
ucts  of  America’s  finest  manu¬ 
facturers.  All  feature  single  hole 
mounting;  easy  lamp  removal 
from  the  front;  screw  terminals 
in  husky  sockets;  longer  threaded 
area  for  thicker  panels;  and  most 
important;  Mo«-tara  lug  to  p^ 
vent  the  unit  from  turning  in  the 
mounting  hole. 


★  They  look,  measure  X/ 
and  operate  the  same 
—these  Clarostat  wire-wound 
and  composition-element 
midget  controls.  Fully  inter¬ 
changeable.  mechanically. 
Can  be  made  up  in  various 
tandem  assemblies. 

Clarostat  Typo  37  midget  com¬ 
position-element  controls  have 
been  available  for  several 
years  past.  Their  stabilized 
element  has  established  new 
standards  for  accurate  resist¬ 
ance  values,  exceptional  im¬ 
munity  to  humidity  and  other 
climatic  conditions,  and  long 
trouble-free  service.  1  watt. 
500  ohms  to  5  megohms. 

And  now  the  Clarostat  Type 
43  midget  wire-wound  is  also 
available,  to  match  Type  37- 
matched  in  appearance, 
dimensions,  rotedion,  switch. 
2  watts.  1  to  10,000  ohms. 

For  neatness,  compactness, 
convenience,  trouble-free  op¬ 
eration-just  specify  Clarostat 
matched  iiudget  controls. 
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#600  .  .  .  Molded  B  e  k  e  I  i  t  e 
•ocket  with  special, lamp  gripping 


removal  without  tools.  Increased 
diameter  flange  for  positive  cov¬ 
erage  of  mounting  hole;  chromium 
plated’  Underwriters  Approval  for 


Basic  Radio  Principles 

By  Maurice  G.  Suffbrn,  Captain,  Sig¬ 
nal  Corps,  Army  of  the  United  States. 
MeChraw-HUl  Book  Co.,  New  York, 
19 US,  971  pages,  price  $S.OO. 

The  author  introduces  this  vol¬ 
ume  as  a  textbook  designed  to  aid 
in  the  training  of  radio  repairmen 
and  technicians  on  a  vocational- 
education  level  in  a  period  of  ap¬ 
proximately  200  hours.  Its  goals  in¬ 
clude  giving  the  student  a  knowl¬ 
edge  of  basic  radio  fundamentals, 
the  ability  to  identify  radio  com¬ 
ponents  and  symbols,  ability  to  in¬ 
terpret  diagrams  and  an  under¬ 
standing  of  the  principles  involved 
in  operation  of  the  radio  equipment. 

A  distinct  innovation  in  text¬ 
books  is  the  use  of  multiple-choice 
questions  at  the  end  of  each  chap¬ 
ter  for  review  purposes.  The  pos¬ 
sible  answers  are  carefully  pre¬ 
pared,  and  provide  a  quick  but  in¬ 
formative  check  on  student’s  mas¬ 
tery  of  the  material. — j.m. 


#180  .  .  .  Molded  #600  type 
socket;  2”  glass  beehive  lens  in 
screw  mountM  chromium  cap;  for 
uses  requiring  Jon^  distance  and 
b  r  i  1 1 1  s  n  t  visibility  from  every 
angle;  admirably  suitM  for  panels 
bearing  heavy  apparatus;  Under¬ 
writers  Approved  for  120  V.  (S6 
bulb). 


#555  .  .  .  (N.A.F.  479f0;;  High 
arched  lens  in  chromium  platM 
screw  mounted  cap;  for  double¬ 
contact  candelabra  bayonet  bulb; 
Vt"  diameter  mounting  hole. 
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{Continued  from  page  139) 

netic  circuit  is  closed  by  the  mov¬ 
able  member  K.  Coil  C  is  connected 
by  means  of  a  pair  of  twisted  leads 
to  a  fluxmeter  located  some  dis¬ 
tance  from  the  permeameter,  and 
the  fluxmeter  pointer  is  carefully 
get  at  zero.  Next,  switch  S  is  closed 
in  position  1  and  a  heavy  magnetiz¬ 
ing  current  sent  through  coils  B. 
The  fluxmeter  pointer  will  swing 
up  scale.  The  number  of  turns  on 
coil  C  must  be  such  that  this  de¬ 
flection  is  at  or  near  the  full  scale 
circumstances 


Today  it  is  diffi^lt  to  find  a  laboratory  where 
research  is  carried  on  in  the  radio,  electrical 
and  allied  fields  where,  the  cathode-ray  tube  as 
a  part  of  the  cathode-ray  oscillograph  does 
not  receive  daily  use. 

This  book  represents  a  complete  explanation 
of  the  various  types  of  cathode-ray  tubes  and 
what  role  each  element  within  the  device  plays 
in  making  visible  the  voltages  and  currents 
encountered  in  various  kinds  of  tests. 

More  than  half  the  book  is  devoted  to  the  prac¬ 
tical  applications  of  the  cathode-ray  tube  oscil¬ 
lograph.  Oscillograms,  made  in  the  Labora¬ 
tory  maintained  by  the  author,  have  been  used 
to  illustrate  this  section  of  the  book,  so  that 
the  reader  may  know  just  what  image 
he  should  see  under  any  given 
circumstances. 


In  this  volume  is  complete 
and  elaborate  explanation  of 
the  theory  of  the  tube.  It  is 
this  information  plus  the 
practical  applications,  which 
make  this  Rider  bmk  so 
valuable. 


mark.  Under  no 
must  the  pointer  touch  the  pointer 
stop  or  the  test  becomes  valueless. 

After  three  or  four  seconds  or 
until  all  motion  of  the  fluxmeter 
pointer  has  ceased,  switch  S  is 
opened.  The  fluxmeter  pointer  im¬ 
mediately  drops  part  way  down  the 
scale  and  a  reading  of  the  flux¬ 
meter  is  taken  at  this  point.  Next, 
making  sure  that  resistance  R,  is 
at  maximum  value,  switch  S  is 
closed  in  position  2  and  a  light 
demagnetizing  current  put  through 
coils  B.  The  fluxmeter  pointer  im¬ 
mediately  drops  further  down  scale. 
R,  is  then  gradually  decreased  in 
value,  the  operator  carefully  watch¬ 
ing  the  fluxmeter  pointer  as  it  ap¬ 
proaches  zero.  When  it  reaches 
zero,  the  reading  of  ammeter  At, 
is  taken.  Switch  S  is  opened,  the 
test  piece  removed,  a  new  one  in¬ 
serted,  and  the  cycle  starts  again. 

The  two  readings  taken  during 
the  progress  of  the  test  are  propor¬ 
tional  respectively  to  the  B,  and 
H,  points  of  the  demagnetization 
curve  of  the  test  specimen.  Refer¬ 
ring  again  to  Fig.  6,  when  switch 
S  is  closed  in  position  1  the  magnet 
operating  point  runs  up  the  curve 
oc.  Resistance  B,  must  be  adjusted 
so  that  the  operating  point  goes  be¬ 
yond  point  €,  i.e.,  so  that  the  mag- 
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^ii  new  Rider  Book  greatly  re¬ 
duces  the  time  required  for  alter¬ 
nating  current  engineering  calcu¬ 
lation*— speeds  up  the  design  of 
apparatus,  the  progress  of  engi¬ 


neering  students,  and  aids  execu- 
tivca  who  check  engineering  cal¬ 
culations. 
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AN  OUTSTANDING  EXAMPLE 
of  simplification  is  the  schedule  for 
incandescent  lamps.  The  number 
of  types  have  been  reduced  from 
S,500  to  1,700,  the  colors  from  IS 
to  S,  and  ihe  voltages  from  S2  to  7, 
a  yearly  saving  of  35,000  lb  of 
solder,  2,000  lb  of  tungsten,  and 
1,200,000  man  hours  of  labor. 
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net  is  saturated.  When  switch  S 
is  opened,  the  operating  point  drops 
down  to  point  Bn,  as  the  magnet  is 
in  a  completely  closed  soft  iron  cir¬ 
cuit  and  no  magnetizing  or  demag¬ 
netizing  influences  are  present  at 
this  time.  When  switch  S  is  closed 
to  position  2  and  Rt  gradually  de¬ 
creased  until  the  fluxmeter  returns 
to  zero,  the  magnet  operating  point 
runs  down  the  demagnetization 
curve  until  it  reaches  point 
Now,  since  the  value  of  demagnetiz- 
ing  current  is  read  at  this  point, 
we  have  a  reading  which  is  propor¬ 
tional  to  H,  because  the  fleld  in  the 
gap  is  directly  proportional  to  the 
current  through  the  coils  (assum¬ 
ing  no  saturation  of  the  soft  iron 
magnetic  circuit). 

Thus,  while  the  production  per- 
meameter,  like  the  magnetometer, 
gives  no  answers  in  absolute  quan¬ 
tities,  it  does  give  two  readings  for 
each  test  piece,  the  first  of  which 
is  directly  proportional  to  the  resid¬ 
ual  induction  of  the  magnet  and 
the  second  of  which  is  directly  pro¬ 
portional  to  the  coercive  force  of 
the  magnet.  It  is  an  excellent  pro¬ 
duction  testing  instrument  for  the 
quality  of  large  numbers  of  mag¬ 
nets. 

Because  its  two  readings  are  di¬ 
rectly  proportional  to  two  of  the 
cardinal  points  of  the  demagnetiza¬ 
tion  curve  of  the  piece  under  test, 
the  production  permeameter  is 
sometimes  thought  to  be  a  more  ac¬ 
curate  instrument  than  the  magnet¬ 
ometer.  This  undoubtedly  is  the 
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The  beachmaster'a  tiqnallar  oi  th# 
British  5th  Army  landing  force  occu¬ 
pies  a  foxhole  while  awaiting  orders 
near  the  Tillage  of  Compoleone,  15 
miles  from  Anzio 
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case,  but  the  additional  accuracy 
supplied  n  in  most  cases  unneces¬ 
sary.  The  additional  speed  aiW  ease 
of  operation  of  the  magnetometer 
is  also  an  important  consideration. 
It  is  sometimes  quite  difficult  to 
choose  between  these  two  instru¬ 
ments.  The  ultimate  choice  must  be 
governed  entirely  by  the  needs  of 
the  user. 


APPENDIX 

Analysis  of  Ballistic  Galvan¬ 
ometers 

Only  an  undamped  ballistic  gal¬ 
vanometer  shall  be  considered,  as 
space  does  not  permit  consideration 
of  all  conditions  of  damping.  As¬ 
sume  that  the  coil  is  located  in  the 
magnetic  field  to  be  tested  and  it  is 
connected  to  the  galvanometer.  As 
the  search  coil  is  removed  from  the 
magnetic  field  a  voltage  is  devel¬ 
oped  in  its  windings,  and  current 
flows  through  the  galvanometer  cir¬ 
cuit.  This  current  produces  a 
torque,  T,  on  the  galvanometer  mov¬ 
ing  coil  which  is  proportional  to  the 
physical  size  of  the  moving  coil  and 
its  number  of  turns,  on  the  field 
strength  (produced  by  the  perman¬ 
ent  magnets  of  the  galvanometer) 
in  which  the  moving  coil  is  located, 
nd  on  the  value  of  the  current  flow¬ 
ing  through  the  moving  coil.  These 
factors  may  be  broken  up  into  those 
which  are  constants  of  the  gal¬ 
vanometer  and  those  which  are  not: 


*  You  can  count  on 
Wincharger  Anten¬ 
na  T  ov/ers.  They 
combine  strong  effi¬ 
cient  coverage  v/ith 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
I  Wincharger  Anten- 
'  na  Towers  are  being 
used  for: 

Commercial  Broadcasting 
Police  WoHc 

Signal  Corps  Ak  lines 
Ordnance  Plants 

To  be  sure  for  years  ahead 
-be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 


Winco  Dynamotor*  art  al¬ 
ways  raady  to  "dish  it  out 
.  .  .  whather  in  the  numbing 
cold  of  the  stratosphere  or 
in  the  flaming  desert  heat. 
Right  on  the  job— constant 
and  reliable  — they  supply 
power  that  will  keep  your 
communications  clear  and 
intelligible. 

Simple  or  complex,  what¬ 
ever  your  specifications,  we 
believe  Winco  will  meet 
them.  Already  our  engineers 
have  done  marvels  in  light- 
ening  weight,  increasing 
efficiency  and  eliminating 
hash.  They  are  at  your  ser¬ 
vice  for  new  or  special  de¬ 
signs.  Simply  write  or  wire 
us.  No  obligation,  of  course. 


Now,  assume  that  it  takes  a 
length  of  time,  t„  to  completely  re¬ 
move  the  search  coil  from  the  mag¬ 
netic  field  under  test.  During  this 
time  current  flows  through  the  gal¬ 
vanometers’  moving  coil.  At  the  end 
of  t,  the  moving  coil  will  have  ac¬ 
quired  a  velocity,  u>„  and  the  kinetic 
energy  of  the  moving  system  will  be 
B  -  (12) 

where  I  is  the  polar  moment  of  in¬ 
ertia  of  the  moving  system. 

Since  damping  is  not  present  in 


PUTTY,  often  used  to  mount  glass 
instrument  windows,  has  been  re¬ 
placed  by  a  synthetic  cement  that 
forms  a  tighter  seal  between  the 
glass  and  the  plastic  case.  The  ce¬ 
ment,  developed  by  Westinghouse 
chemists,  sets  quickly  in  a  low-tem¬ 
perature  oven  and  glass  cleaning 
is  no  longer  necessary. 
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the  galvanometer  under  study,  the 
amount  of  energy  of  Eq.  (12)  wiU 
oscillate  back  and  forth  between  the 
moving  system  and  the  suspensions, 
appearing  in  full  at  one  instant 
(the  instant  of  no  twist  to  the  sus¬ 
pensions)  as  kinetic  energy  in  the 
moving  system,  at  another  instant 
(the  instant  of  maximum  twist  to 
the  suspensions)  as  potential  en¬ 
ergy  in  the  suspensions,  and  be¬ 
tween  these  times  as  part  kinetic 
energy  in  the  moving  system  and 
part  potential  energy  in  the  sus¬ 
pensions.  At  the  instant  of  maxi¬ 
mum  deflection  of  the  galvan¬ 
ometer,  this  energy  is  all  stored  in 
the  suspensions  and  we  may  write 

•|/«.* (13) 

where  k  is  the  spring  constant  of 
the  suspensions,  and  0^  is  the  maxi¬ 
mum  deflection. 

Hence : 

6m  -  WoV77*  (14) 

Now,  the  differential  equation  of 
motion  for  this  moving  system  is 
e 

Assuming  for  the  moment  that  the 
torque,  T,  is  a  constant,  the  solu¬ 
tion  for  this  equation  is 


whence 


Consequently, 


SELF  LOCKING  HOLLOW 
SET  SCREW 


Substituting  Eq.  (16)  into  Eq. 
(14),  we  get 


(radians)  (17) 


then  Eq.  (16)  becomes 


SOME  76,210  applicants  for  com- 
mercial  radio  operator  licenses 
were  examined  by  FCC  during  its 
fiscal  year  ending  June  SO,  19 kS.  h 
the  same  period,  the  FCC  employed 
2,15S  people;  of  these,  S82  are  reg¬ 
ular  employees  and  617  are  national 
defense  workers  in  Washington; 
206  regular  and  9A8  national  de¬ 
fense  employees  are  in  the  field. 


Yes,  the  ’’Unbiako”  Self-Locking  Hollow  Set 
Screw  if  literally  "yours”  because  its  now 
famous  design  was  evolved  in  response  to  your 
needs.  You,  the  users,  first  insisted  upon 
boUow  set  screws  back  in  1909  and  the  de¬ 
mand  grew  apace  with  your  interest  in  "Safety 
First.'  Our  most  recent  development  is  the 


Knurled  Point,  providing  an  added  measure  of 
industrial  safety  and  greatly  reducing  main¬ 
tenance  worries.  When  tightened  as  usual, 
"Unbrako”  Self-Lockers  star  ti^tenad;  yet 
they  can  be  readily  removed  and  used  again 
and  again. 

Write  for  Catalog 


The  KnuHImg  of  Socket  Screws  .orlg- 
ImaM  with  "Uebroke"  years  ago. 


STANDARD  PRESSED  STEEL  CO 


JENKINTOWN.  PENNA.,  BOX  596  •  BRANCHES:  Boston  •  Detroit  •  Indianapolis  •  Chieaso  •  St.  Louis  •  San  Francisco 
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Substituting  Eq.  (11)  into  Eq. 
(18),  we  get 

vn  vn  ‘ 

where  Q  is  the  total  quantity  of 
current  flowing  through  the  mov¬ 
ing  coil  during  the  time,  t*. 

Equation  (19)  shows  the  ballis¬ 
tic  galvanometer  to  be  a  total-cur¬ 
rent-reading  instrument.  For  sim¬ 
plicity,  an  undamped  galvanometer 
was  assumed  in  the  analysis  and 
it  was  assumed  that  the  search  coil 
was  removed  from  the  field  under 
test  in  such  a  way  that  a  constant 
torque,  T,  was  applied  to  the  mov¬ 
ing  coil  of  the  galvanometer  dur¬ 
ing  the  time,  It  may  be  shown 
rigidly  that  a  ballistic  galvanometer 
will  read  total  current  whether  it 
be  undamped,  underdamped,  criti¬ 
cally  damped,  or  overdamped,  and 
that  it  will  do  this  regardless  of  the 
wave  form  of  the  current  impulse 
passing  through  it  The  important 
requirement  (true  for  all  cases  of 
damping)  is  that  the  condition  of 
Eq.  (17)  be  observed,  wherein  t,  is 


FOR  SALE 

INDUSTRIAL 

ELEGRIC 

MACHINE 

and  group  of 
basic  patents. 

Well  known  New  Englcmd 
manufacturing  concern 
will  discuss  sale  on  mu¬ 
tually  favorable  basis  of 
subsidiary  company  that 
has  been  engaged  in  de¬ 
veloping  electronic  de¬ 
vices  since  1931. 

Principals  only 

BO-634,  Electronic* 

330  We«t  42nd  St..  New  York  1 8.N.  Y. 
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FOR  YOUR  SPECIAL  NEEDS 

PRODUCTION  '  RESEARCH  -  LIFE  TEST 


Custom  built  to  your  own  perform¬ 
ance  specifications,  TAC  equipment 
will  meet  your  particular  needs. 


WRITE  FOR 
BULLETIN 
SHOWING 
TYPICAL  i 
TAC  TEST , 
EQUIPMENT 


Diversified  experience  in  manu¬ 
facture  of  electronic  apparatus, 
and  efficient  facilities  for  its  pro¬ 
duction  in  small  quantities,  enable 
us  to  offer  rapid  delivery  on  all 
types  of  special  electronic  test 
equipment. 


If  you  can't  buy  it . 

. TAC  will  build  it! 


TECHNICAL  APPARATUS  CO. 


1171  TREMONT  ST.,  BOSTON  20.  MASS..  U.S.A 


and  lots  of  it 


★ 

Transformers 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 

CALEDONIA,  N.  Y. 


IF 

YOU  HAVE  IT  MADE  IN 
THE  EASTERN  PENN¬ 
SYLVANIA  AREA  .  .  . 

3[sd  UA  hdui  aval 

D^ifDJUA 

METAL 

REQIJIREMEIVT!^ 

★  GOLD  PLATING 

Under  strict  laboratory 
supervision 

★  SILVER  PLATING 

★  ALROK  processing 
of  Aluminum 

★  ANODIZING  of 
Aluminum 

★  MAGNESIUM 
PROCESSING 

★  ZINC  PLATING 
and  CRONAK 

Large  items  can  be 
handled 

• 

BONDERIZING 
PARKERIZING 
PARCO  LUBRIZING 

Extremely  large  units 
can  be  processed 

• 

ELECTRO  PLATING 
HARD  CHROMIUM 
NICKEL  -  TIN 

• 

PHILADELPHIA 
KLSrr  PROOF  CO. 

3217  FRANKFORD  AVENUE 
PHILADELPHIA  34,  PA. 


kept  small  with  respect  to  the  na¬ 
tural  period  of  the  instrument. 

When  a  search  coil  is  connected 
to  a  ballistic  galvanometer  the 
electrical  circuit  consists  essen¬ 
tially  oT  only  two  elements — the 
search  coil  and  the  moving  coil  of 
the  galvanometer.  Now,  if  we  ne¬ 
glect  the  self  inductances  of  each  of 
these  elements  (for  simplicity  and 
because  these  inductances  are  truly 
negligible  compared  to  circuit  re¬ 
sistances  in  most  cases),  and  lump 
the  resistance  of  the  search  coil 
with  that  of  the  moving  coil,  a 
summation  of  voltages  around  the 
circuit  during  the  time,  of  with¬ 
drawal  of  the  search  coil  from  the 
field  under  test  gives 

where  V  numbw  of  tume  on  search  e<Ml 

di  ^ 

—  ■■  time  rate  of  cha^e  of  flux  Imes 
"  through  search  coil' 

i  B  current  through  circuit. 

R  »  total  circuit  resistance. 

The  constant  of  integration  being 
zero,  integration  gives* 

X  10-«  -  RQ  (20) 

This  equation  shows  that  the  bal¬ 
listic  galvanometer  reads  interlink¬ 
ages,  N<f>,  as  well  as  total  current, 
Q.  It  also  serves  to  point  out  that 
the  sensitivity  of  one  galvanometer 
may  be  high  for  Q  and  low  for  N*t», 
while  that  for  another  galvanometer 
may  be  low  for  Q  and  high  for  N^, 
depending  upon  the  circuit  resis¬ 
tance. 

•  •  • 


CANADIAN 

COMMUNICATOR 


This  officer  of  the  Royal  Canadian 
Navy  uses  a  "voice  gear"  to  direct 
fire  of  guns  aboord  a  worship 


Type  "C"  D.C.  Ceeerefor 
Permanent  Magnet  Field,  ball-bearing 
equipped:  l%"  outside  diameter,  3VE"  in 
length  I  .  .  weight  U  ounces. 


THE 

ALL-IMPORTANT 


PROMPT  DELIVERY 

Elinco  fractional  —  h.p.  motors  and  gen¬ 
erators  combine  compactness  and  small 
size  with  utmost  precision  and  accuracy, 
the  result  of  long  experience  and  ex¬ 
treme  manufacturing  core  and  testing 
.  .  .  plus  adequate  production  to  assure 
the  most  prompt  delivery  possible. 


Type  ’*1"  A.C.  Generator 
Permanent  Magnet  Field  wound  for  one,  two 
or  three  phase  A.C.  Ball-bearing  equipped; 
flange  or  base  mounted.  2*4"  outside  diam¬ 
eter  .  ...  weighs  U  ounces. 

CUnca 

Can  supply  quantity  production  on 
standard  items,  or  produce  experimental 
or  production  machines  built  to  your  own 
specifications. 


ELECTRIC  INDICATOR  CO. 

STAMFORD  U.S.A.  CONN. 
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BOONTODf  RADIO 


OX-CMECKtR  .  .  FREQUENCY  MODULATED  SIGNAL 
AND  other  direct  READING  TEST  INSTRUMENTS 


BOONTON,  N.  J. 


DESIGNERS  AND  MANUFACTURERS  OF  THE  "O"  METER 
GENERATOR  BEAT  FREQUENCY  GENERATOR 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


(Continued  from  page  107) 


definitely  with  r-f  heating.  There 
are  other  minor  advantages  which 
will  be  apparent  to  those  thor¬ 
oughly  familiar  with  the  bag 
process. 

In  applying  r-f  heating  to  thin 
surfaces  an  interesting  problem  oc¬ 
curs  in  the  choice  of  frequency. 
Loads  of  this  tsrpe  have  relatively 
high  capacitance.  Thus,  if  they 
are  to  be  tuned  by  an  inductance 
of  practical  size  the  frequency 
used  must  not  be  too  high.  At  the 
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ESSENTIAL  INSTRUMENTS  IN  WAR  SERVICE 


In  modern  warfare  it  is 
vitally  important  that  com¬ 
munication  systems  never 
falter  . . .  that  they  function 
with  maximum  efficiency  at 
all  times. 

Electronic  Test  and  Meas¬ 
uring  Instruments  safeguard 
and  protect  our  fighting  men 
against  Communication  fail¬ 
ures.  It  is  our  job  to  build 
and  deliver  these  essential 
instruments  of  war  to  the 
fighting  fronts. 


RONICS 


Supped- ufi  PRODUCTION 
OF  RADIO-ELECTRONIC  PRODUQS! 

Aa  reflactad  in  our  naw  48-paga  Catalog, 
tha  axpondad  InauUna  plant  ia  producing  on 
anlorgad  lina  oi  high-quality  Radio,  Sound, 
ond  Dactronic  Producta.  Thaaa  includa:— 

a  Meted  Cobineta,  Cheusis.  Paneb  • 
a  Plugs  emd  Jaedcs  a  Clips  •  Toob  • 
Meted  Stampings  a  Sevew-Machine 
Produeds  •  Antennas  •  Hardwene 
and  Essentials. 

Sand  apadficotiona  for  aatimotaa.  Write  lot 
your  copy  of  our  Catalog— nowl 
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RPORATION  OF  AMERICA 


INSULINE  BUILDING  •  LONG  ISLAND  CITY.  N.Y. 
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much  lower  frequency,  possibly  as 
low  as  600  kc,  would  have  to  be 
used. 


Ssmsiory 


The  tests  which  have  been  des¬ 
cribed,  together  with  others  not  re¬ 
lated  here,  have  been  fairly  suc- 
cesful  and  have  given  results  which 
show  that  r-f  heating  can  be  ap¬ 
plied  to  the  production  of  curved 
laminated  and  molded  plywood 
parts,  as  well  as  to  flat  stock  and 
spars.  At  the  present  time  simple 
curved  laminated  parts  such  as 
wing  tip  bows  and  spar  flanges  are 
being  made  on  a  small  scale  in  this 
way.  To  date  there  has  been  no 
actual  production  of  molded  shapes 
using  r-f  heating.  The  reasons 
are  found  in  the  more  difiicult  ap¬ 
plication  problems  encountered  and 
the  small  quantities  of  parts  in¬ 
volved.  Insofar  as  war  production 
of  wood  aircraft  is  concerned,  this 
situation  will  remain.  However, 
post-war  production  in  much  larger 
quantities,  not  only  of  wood  air¬ 
craft  parts  but  also  of  molded  and 
curved  parts  for  other  uses,  may 
well  justify  the  work  and  expense 
required  to  adapt  r-f  heating  for 
applications  of  this  kind. 
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DIAL  TELEPHONE  SUBSCRIB¬ 
ERS  in  Holland  overload  the  lines 
during  daytime  hours,  apparently 
as  delaying  technique  for  sabotage. 
German  occupation  officials  have 
warned  that  they  "will  not  hesitate 
to  exclude  a  large  number  of  sub¬ 
scribers  from  telephone  communi¬ 
cation  if  the  obstruction  does  not 
disappear  through  subscribers’  co¬ 
operation” 
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Conserving 
Small  Tubes 

(Continued  from  page  142) 

good  operating  condition.  This 
tradition  has,  unfortunately,  per¬ 
sisted  into  the  present  time.  The 
almost  universal  use  of  heater-type 
tubes  today  does  not  justify  the 
practice. 

Present-day  tubes  generally  be¬ 
come  unusable  because  noise  or  dis¬ 
tortion  develops,  usually  as  result 
of  reduced  emission.  Since  this  is 
a  gradually-changing  condition, 
weekly  or  even  monthly  routine  dis¬ 
tortion  measurements  or  listening 
tests  will  indicate  when  replace¬ 
ment  is  required. 

Belief  to  the  contrary  notwith- 
I  standing,  it  is  desirable  to  test  a 
tube  with  respect  to  emission  or 
noise  factors  while  the  tube  is  in 
its  normal  operating  position.  Tube 
testers  usually  give  a  “yes”  or 
“no”  answer  but  do  not  ordinarily 
indicate  at  which  point  on  the  grad¬ 
ually-changing  emission  slope  a 
particular  tube  lies. 

Stgadby  Praetie* 

Tube  life  can  be  directly  in¬ 
creased  by  shutting  off  equipment 
which  is  not  in  use.  In  a  majority 
of  audio  plants  it  was  pre-war 
practice  to  have  all  equipment  ener¬ 
gized  throughout  the  operating  day. 
This  procedure  is  often  justified  by 
the  requirement  that  equipment 
must  be  immediately  available, 
either  for  normal  operation  or 
emergencies,  and  by  the  fact  that 
most  tubes  require  a  warm-up 
period. 

Tubes  are  now  more  difficult  to 
obtain  and  some  variations  in  prac¬ 
tice  are  advisable.  Much  equip¬ 
ment  is  never  required  for  imme¬ 
diate  use  and  instances  will  be 
found  where  groups  of  equipment 
can  be  turned  on  or  off  as  the  oper¬ 
ating  day  approaches  and  recedes 
from  its  climax.  Further,  in  the 
case  of  auditions  and  rehearsals 
warm-up  time  is  not  too  important. 

Sometimes  the  equipment  shut¬ 
off  problem  involves  lack  of  man¬ 
power  for  proper  attention.  This 
can  usually  be  taken  care  of  by 
the  installation  of  convenient 
switches  or  by  sectionalizing  power- 
input  circuits  and  switches  to  han¬ 
dle  selected  groups  of  equipment. 
Time  switches  can  often  be  used  to 
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RELAYS! 
RESISTORS! 
CAPACITORS! 
TRANSFORMERS! 
POTENTIOMETERS! 
TEST  EQUIPMENT! 
CONTROLS! 

And  1001  Other  Vital  Radio  and 
Electronic  Needs  for  Wartime ! 


gO  U  RCCS f 


From  all  leading  manufactur¬ 
ers  .  .  .  products  that  you  can 
depend  on  to  see  you  safely 
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advantage  in  local  as  well  as  out¬ 
lying  equipment 

It  is  hoped  that  the  foregoing 
will  provide  food  for  thought  in 
dealing  with  the  small  vacuum-tube 
procurement  and  life  problem. 
While  it  is  not  advocated  that  audio 
operating  personnel  engage  in  ex¬ 
tensive  projects  to  attain  unusual 
tube-use  efficiency,  it  is  at  least 
desirable  that  specific  cases  of  re¬ 
duced  tube  life  be  investigated 
and  attended  to.  In  any  case, 
the  desire  for  tube  economies 
should  be  joined 'with  some  healthy 
curiosity  and  an  open  mind  con¬ 
cerning  possible  solutions,  even  if 
they  do  seem  to  require  some 
trouble.  In  that  manner  the  re¬ 
quired  results  will  be  assured.  And 
do  not  overlook  the  practical  and 
educational  value  of  keeping  rec¬ 
ords. 
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faster,  to  one  revolution 
a  month. 

Let  our  Engineering 
Service  help  you  with 
your  timing  problem! 

Send  for  illustrated  cat¬ 
alog! 
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Chicopee,  Mass. 

Erco  Radio  Laboratories,  Inc., 

Hempstead,  N.  Y. 

L.  F.  Grammes  &  Sons,  Inc., 
Allentown,  Pa. 

The  Kallicrafters  Co., 

Chicago,  Ill. 

Muehlhausen  Spring  Co., 

Logansport,  Ind. 

Sylvania  Electric  Products,  Inc., 

Danvers,  Mass. 

Sylvania  Electric  Products,  Inc., 

Salem,  Mass. 

TuNg-Sol  Lamp  Works,  Inc., 

Newark.  N.  J. 


Haydon  motors  can 
have  brakes  for  instant 
stop  .  .  .  are  reversible 
and  possess  shift  de¬ 
vices  for  any  automctic 
reset. 


AC  MOTOR 
Available  450  RPM 
ta  I  REV.  par 
M  a  n  t  h  :  manufac- 
fared  to  year  »aa- 
cMc  voltaaa.  fra- 
aaancy,  tpaed  and 
torsae  require. 
aMatt.  The  entail- 
aet  no  velt.  M 
cycle  l-RPM  unite 
contume  only  2 
watte. 


Complete  information  on 
Timing  Motors  by  the 
originators  of  Timing 
Motors  is  recorded  in 
this  new  Haydon 
catalog. 


WRITE 
FOR  YOUR 
COPY 
TODAY 


READY  TO 
ATTACK  NEW 
PROBLEMS  L 


DELL  was  ready  to  step  up  to  the 
production  "firing  line"  in  a  hurry 
when  war  brought  urgent  damands 
for  new  types  of  electronic  sound 
aquipmant  because  Ball  had  ainted 
years  of  study,  research  and  aiperi- 
mant  at  the  day  whan  electronics 
would  coma  of  age.  Now,  with  the 
production  of  electronic  sound  de¬ 
vices  that  are  proving  to  be  master 
weapons  in  wartime  roles,  BELL  En¬ 
gineers  are  gaining  still  further  knowl¬ 
edge  of  this  science.  They  will  again 
have  a  head  start — in  applying  elec¬ 
tronics  to  naw  paacatima  needs. 


INSTANT  CONTACT 
BY  VOICE 


BELfona  speeds  pro¬ 
duction,  streamlines  management  witt 
complete  vocal  contact  between  all  ei- 
ecutives,  offices,  departments. 
Instant  fingertip  control.  All  de- 
sirable  special  features  avail- 
able.  Write. 
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Design  Chart 

(Continued  from  page  144) 

chart,  it  is  necessary  to  change  the 
decimal  points  of  the  L,  C,  and  / 
jcales  according  to  Fig.  1.  This 
change  doesn’t  affect  the  upper  sec¬ 
tion  of  the  chart,  because  the  re¬ 
actance  values  remain  unchanged. 
The  range  of  all  other  scales  may 
be  shifted  by  similarly  shifting 
decimal  points. 

The  fixed  capacity-  kva-  and  max¬ 
imum-voltage  lines  are  drawn  in 
Fig.  1.  The  available  frequency 
range  is  shaded,  as  is  the  resulting 
reactance-spread  of  32  to  105  ohms. 
The  desired  kva  obviously  may  be 
obtained  at  1800  to  2500  v,  depend¬ 
ing  on  the  frequency  used.  Since 
the  maximum  permissible  stress  of 
2500  V  is  within  the  shaded  range, 
the  implied  62  ohms  and  2500  kc 
would  be  used,  giving  a  current  of 
40  amperes. 

Capacitor  Applieatioa 

Assume  that  a  certain  O.l-pi  10- 
kv  d-c  blocking  capacitor  may  have 
a  2  percent  super-imposed  alternat¬ 
ing  voltage  of  200  v  at  200  kc, 
and  that  it  is  desired  to  know 
at  what  alternating  voltage  the  ca¬ 
pacitor  may  be  operated  at  other 
frequencies.  Referring  to  Fig.  2,  or 
the  chart,  the  0.1-/itf  lines  cross  at 
8.0  ohms  in  the  lower  half ;  this  8- 
ohm  reactance  line  followed  up  to 
the  200-v  line  gives  5  kva  and  25 
amperes.  These  last  two  values  es- 


SOLDER  DISPENSER 


Contaminatioa  of  soldar  by  hcmdling 
and  dirt  is  prarantod  by  a  dispenser 
made  of  methyl  metbacryiate  resin 
tubing  and  a  brass  noxsle.  The  solder 
i>  formed  on  a  drill  rod  In  o  bench 
fothe  and  is  pulled  from  the  dispenser 
^th  piiers  as  needed  by  workers  in 
the  G-E  Schenectody  Works 


^  PRODUCTS 

-ctt  -Me  SentAcee  'TtMu  f 


SHirr  MtTAL 


IF  YOU  MAKE  ELECTRONIC  EQUIPMENT 
OUR  FULL  CAPACin  IS  AT  YOUR  CALL 

100%  of  BUD  copacity  to  turn  out  SHEET  METAL 
CABINETS  and  RACKS,  COILS,  CONDENSERS.  CHOKES 
and  ACCESSORIES  is  at  the  call  of  builders  of  elec¬ 
tronic  equipment  which  is  intended  to  help  win  the  war. 

As  specialists  for  many  years  in  manufacturing  this 
precision  equipment.  BUD  is  now  able  to  giro  unusual 
serrice  to  customers.  We  hare  the  KNOW-HOW  and 
the  facilities.  Why  not  let  us  know  what  you  need. 

BUD  RADIO.  INC. 


CLEVELAND.  OHIO 


COILS 


CONDENSERS 


NEW... 

RELAY- 

CONTACTOR  ^ 

GLENN-ROBERTS 

^  These  compact  units  ore  ideally  suited 
to  a  wide  range  of  heavy-duty  circuit  con¬ 
trol  applications.  Check  these  important 
features: 


^  RELIABLE,  fast  acting  vertical  solenoid;  double-break  silver  alloy  con- 
W  tacts,  operating  with  a  self-cleaning  wiping  action;  conservatively  rated 
^  at  30A  at  1 1 0  V.,  20A  at  220  V.  or  1 OA  at  440  V. 

|L  SINGLE  or  dual-voltage  operating  coils  available  for  all  standard 
JS  voltages  (220-440V.  illustrated);  extremely  low  seal  current,  low  pickup 
and  drop-out  voltage. 

|A  MAXIMUM  flexibility ...  "deck"  design  permits  virtually  unlimited 
V  combination  of  contact  arrangements  with  standard  parts.  Normally 
open,  normally  closed  and  double-throw  operation  available  in  single, 
double  or  more  poles. 

WRITE  OUR  ELECTRONICS  DIVISION  FOR  ENGINEERINO  DATA 
EXPORT  AOINTSi  Trasur  A  Hwimr,  301  Clay  ft.,  Saa  FrandMa,  Cat. 


GLENN-ROBERTS  COMPANY 

1009  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  ,  INDIANAPOLIS,  INDIANA 
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H  SERVICES  AND 
i  PRODUCTS  NOW 
OFFERED  AT 
AURURN 

Injaction  Molding 
Plastic  Tubing 
Comprassion  Molding 
I  Dia  Manufactura 


Extrusion 
Transfar  Molding 
Callulosa  Nitrata 
Shaats  and  Rods 


Looks  like  tke  conventional  kandset  of  jonr 
telepkone  doesn’t  it?  Bat  if  jron  look  a  little 
closer  jrou’ll  discover  tkat  it’s  diEerent.  Hand¬ 
sets  like  tkese  are  molded  by  Aabnm  for  tke 
Stromberf-Carlson  Company  and  used  by  tke 
U.  S.  Army. 

And  in  plastic  molding  you’ll  find  tkat  An- 
bnm  is  diferent  too  wken  you  see  wkat 
Anbnm  can  give  to  your  plastic  requirements. 


From  engineering  department  to  final  inspec¬ 
tion  tkis  organization  is  set  np  vritk  one  pur¬ 
pose  in  mind  ...  to  give  yon  molded  plastic 
parts  tkat  are  better  and  more  economical, 
.  .  .  wketber  it’s  a  molded  plastic  kandset  or  a 
tkonsand  miles  of  extruded  tubing. 

If  yon  are  planning  on  tbe  use  of  plastics, 
get  in  tonck  witk  Auburn.  Ton’ll  find  tkere  is 
a  difference. 


ESTABLISHED  I87i 


AUBUHN 


AllVm  BUnON  WORKS,  IBC^  AUBURN,  N.  Y. 


tablish  the  thermal  limits  of  the 
capacitor,  neither  of  which  are  to 
be  exceeded. 

At  some  new  frequency — say  500 
kc,  the  intersection  with  0.1  juf 
occurs  at  3.15  ohms,  which — at  25 
amperes,  gives  2  kva  and  80  v  a.c. 

At  60  kc  the  capacitor’s  reactance 
is  31.6  ohms,  resulting  in  a  20  kva 
burden  at  26  amperes.  So  the  31.5- 
ohm  line  must  not  extend  beyond 
its  intersection  with  5  kva,  which 
corresponds  to  13  amperes  and  400 
V  a.c. 

It  is  apparent,  therefore,  that 
the  intersection  of  any  reactance 
line  with  those  of  current  and  kva, 
shown  heavy  in  Fig.  2,  will  deter¬ 
mine  the  maximum  permissible 
alternating  voltage  at  the  fre¬ 
quency  desired,  provided  of  course 
that  the  combined  alternating  and 
direct  voltage  do  not  exceed  the  rat¬ 
ing  for  dielectric  strength. 

The  same  procedure  could  be  fol¬ 
lowed  in  ascertaining  permissible 
working  conditions  at  various  fre¬ 
quencies  for  power  factor  correc¬ 
tion,  or  for  tuning  capacitors  used 
with  induction-heating  coils  or  fur- 


REFLEX 

SPEAKERS 

ore  now  the 
ACCEPTED 
STANDARD 


EVERY  REFLEX 
in  the 

UNIVERSITY  LINE 
is  the  result  of 
YEARS  of 
RESEARCH 

• 

EVERY  REFLEX 
in  the 

UNIVERSITY  LINE 
has  a  vital  part 
to  play  in  the 
WAR  PROGRAM 

• 

There  are 

OVER  50  SPEAKERS 
in  the 

UNIVERSITY  LINE 


Submit  your  special 
problems  direct  to  our 
engineering  depart- 


19  YEARS  OFj 
INTELLIGENT  ^ 
,  DEPENDABLE  SERYICE 
K  IN  NEW  ENGLAND 


In  the  pressure  of  working  with  war 
plants  and  war  agencies  we  haven't  for¬ 
gotten  our  jobber  customers.  Our  visits 
will  continue  to  be  as  frequent  as  always. 
Our  "Guide  and  Index"  is  yours  for  the 
asking.  Extra  copies  are  available  for 
your  own  distribution. 

Manufacturers  planning  programs  should 
keep  in  mind  that  we  represent  leading 
sources,  accustomed  to  meeting  strictest 
specifications  end  delivery  schedules.  Our 
long  experience  is  worth  considering  when 
our  Field  Engineers  call  on  you.  If  In 
a  hurry,  phone  or  wire  us. 

HENRY  P.  SEGEL  CO. 

Manufacturers  Representatives 
Field  Engineers 

221  COLUMBUS  AVENUE 
BottoR  16,  Mass. 

Telephone  KINmore  3012-B333 

Branch  OBfca  In  Hartford,  Conn. 

Serving  Manefaetnren,  Jobbers,  Seheols 
and  Laboratories  in  New  England 


BLIND  RADIO  STUDENT 


Mary  Madercu.  19.  solders  leads  of  a 
one-tube  receiver  she  is  building  in  a 
beginner  class  at  the  New  York  Insti¬ 
tute  for  the  Education  of  the  BUnd 
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-4... 


CURRENT -^VOLTAGE 


FLUCTUATION 


REDUCED 


WITH  AMPERITE 
VOLTA  '.r  VARIES 
ONLV  J 


VOLTAGE  c  r  24V 
BATTERY  A  CHARGER 
VARIES  APPROX 


rik  IK  ICHDCt  4  paqe  folder  will  help  you  solve 

Current  and  Voltage  Ptobffems;  contains 
much  valuable  data  m  practical  loim  W’rite  for  your  copy  now. 

AMPERITE  CO.,  561  Broadway,  New  York  (.12),  N.  Y. 
In  Canada  Atlas  Radio  Corp.,  Ltd  ,  560  King  St .  W.  Toronto 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published. 


Production 
Has  Increased 


Since  We 
Started  Using 

Sherman 

Terminals" 


Why  Industry  Goes 
Slow  on  Electronics 

I  CAN  GIVE  YOU  reasons  given  me  by 
a  large  drink  manufacturing  plant. 

It  is  quite  large  and  in  most  of  its 
buildings  it  could  use  a  large  quan¬ 
tity  of  electronic  gadgets  in  the 
mixing,  weighing,  packaging  and 
conveying  of  the  products  before 
and  after  manufacture.  There  are, 
however,  only  one  or  two  devices 
using  electronics. 

The  main  reason  offered  for  this 
situation  is  the  failure  of  all  things 
electronic,  tubes,  condensers,  etc. 
involving  lots  of  time  loss  for 
trouble-shooting  and  repair. 

Another  reason  is  that  even  if 
they  have  all  the  electronic  controls 
possible,  they  could  not  keep  one  or 
two  men  on  the  payroll  for  their 
maintenance  alone  as  they  would 
not  be  busy  enough  to  warrant  hir¬ 
ing  and  the  equipment  would  be  too 
complex  for  the  usual  run  of  plant 
electricians. 

I  have  found  that  companies  hav¬ 
ing  electronic  devices  find  it  too 
expensive  to  get  factory  service  for 
every  breakdown,  hence  call  the  lo¬ 
cal  radio  service  man  who  usually 
knows  nothing  about  the  equipment 
and  depends  upon  the  manufac¬ 
turer’s  instructions  books.  These, 
from  my  experience,  are  about  as 
clear  as  mud  and  tell  all  but  what 
should  be  told  for  proper  checking 
of  the  equipment.  Usually  they  give 
circuits  and  components  but  neglect 
resistance  and  voltage  charts.  A 
checking  procedure  that  could  be 
followed  with  a  good  volt — ohm- 
meter,  etc. 

Several  times  I  have  worked  on 
equipment  and,  because  I  placed  the 
seat  of  trouble  at  sources  requiring 
rebuilding  the  original  setup  used, 
(involving  considerable  work  and 


A  typical  customer’s  comment — "Sherman 
Terminals,  Soldering  Lugs,  Fuse  Clips, 
etc.,  do  help  to  save  time  and  speed  up 
production."  Find  out  about  these 
Sherman  Electrical  Fittings.  They  may 
cost  you  less  than  you're  paying  now,  too. 
Write  lor  Catalog. 

H.  B.Shernan  Mfg.  Co..  Battle  Creek,  Mich. 

Terminals 
Lugs  and 
Fuse  Clips 


Sherman 


AMPERITE 

*  REGULATORS 

^eatmeA': 

1.  Amperites  cut  battery  voltage  fluctua¬ 
tion  iiom  approximat^y  50%  to  2%. 

2.  Hermetically  sealed  —  not  cdiected  by 
altitude,  ambient  tempererture,  humidity. 

3.  Compact,  light,  and  inexpensive. 

Used  by  UJS.  Army,  Nervy,  and  Air  Corps. 


DELAY  RELAYS:  For  delays  Irom  1  to  100  seconds. 

[BennaacaUysMdsd.  Voaffeefad  by  aJtHude. ...  Send  forcolaJogiM  sbaat. 


«lectronics 


COMftACT: 

4  IN  HIGH 
2' I  IN  DEEP 
2'  i  IN  WIDE 

WEIGHT: 

I'A  POUNDS 


CARBON 

BRUSHES 


expense  getting  the  defective  unit 
out,  repaired,  and  replaced),  was 
told  I  didn’t  know  anything  about 
it.  Hence  when  the  factory  repre¬ 
sentative  confirmed  the  diagnosis, 
I  received  no  credit  and  practically 
no  compensation  for  my  pains. 

I  know  that  if  I  were  running  a 
plant  I  would  use  as  little  electronic 
equipment  as  possible,  as  I  have  no 
faith  in  any  electronic  device. 
That’s  the  way  I  make  my  living, 
—off  equipment  failures. 

What  are  the  manufacturers  (not 
radio,  sound  and  talking  picture) 
doing  to  get  the  general  run  of 
radio  service  men  qualified  to  serv¬ 
ice  other  electronic  equipment 
Nothing!  Usually  they  will  not 
answer  question  letters.  These  cut 
the  profits  from  their  service  de¬ 
partments. 

The  electronic  manufacturers 
should  give  some  qualified  service 
man  in  each  community  instruc¬ 
tions  and  service  data  for  their 
equipment  sold  in  a  given  territory. 
Something  of  this  nature  would  do 
a  lot  to  promote  sales  by  showing 
the  buyer  that  he  can  call  in  a  lo¬ 
cal  man  at  a  moment’s  notice  and 
get  qualified  service. 

W.  C., 

Ifew  Orleant 


ELIZABETH  fmWrlNEW  JERSEY 

AMERICAN  GAS  ACCUMULATOR  COMPANY 


Thot  discoTvry  >•  b«uig  mad*  again  and 
again  nowadora.  Th«  fact  that  carbon 
ho*  proTod  BO  auccoMiul  a  modium  for 
bmaho*  is  a  protty  good  indication  that 
it  wUl  suit  mcmy  now  usos  os  woU. 
Among  its  Tirtuos  oro:  oraUability  of 
row  motoriols;  controUablo  density  and 
hardness;  wide  range  of  conductiTity: 
non-corrosiTO,  self-lubricating,  Tirtnolly 
non-expanding,  non-melting;  con  be  im- 
pregnoted  with  metal.  .  .  .  The  Superior 
engineering  stuff  is  inTsstigoting  new 
applications  aU  the  while.  How  about 
that  problem  you  hare  now? 

Oer  opiefoa  Is  yoers  fer  tk»  osUsg 


Electronics  in  Canada 

In  youe  Cross  Talk  Editorial  in  the 
December  1943  issue  of  Electron¬ 
ics,  I  noticed  your  article  entitled 
“Ignorance”.  This  article  struck  a 
responsive  chord  so  I  thought  a 
word  on  this  subject  regarding  our 
solution  of  this  problem  may  help, 
or  at  least  give  you  some  idea  of 


!fesr/^lgy\ 


SUPERIOR  CARBON 
PRODUCTS.  INC. 


tll7  George  Are.,  CleTelond  5,  Ohio 


WMMAUFArTMAGiaTS 


PLYTUBE  is  a  light-weight  ply¬ 
wood  tubing  in  which  the  lay  of  the 
winding  of  the  veneers  is  adjusted 
to  fit  specific  needs.  One  method  of 
winding  is  used  if  the  tube  must 
withstand  radial  crushing  pressure 
or  internal  hydrostatic  pressure. 
Other  methods  are  used  for  torsion, 
columnar  compression,  flexural  and 
tensile  strengths.  It  has  found  a 
variety  of  wartime  uses,  from  sec¬ 
tional  for  life-rafts  oars  to  radio 
antenna  masts. 


ALL  SHAPES  — ALL  SIZES 
FOR  ALL  PURPOSES 

|HA  Stamped,  Formed,  and  Cast;  Chrome,  Tunq- 
sten  Cobalt  and  ALNICO**  (cast  or  sin- 
tered)  under  G.  E.  license. 

^  THOMAS  &  SKINNEB 

^  STEEL  PRODUCTS  COMPANY 

1114  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Toois 
Dies— Hoot  Treating— Stampings 

YEARS  EXPERIENCED 


ELECTRONICS 


; 


(INRES-CO) 

INSTRUMENT 
RESISTORS  COMPANY 


25  AMITY  ST  ,  LITTLE  FALLS,  N.  J 


what  we  in  Canada  are  doing. 

Sometime  ago  a  group  of  electri¬ 
cal  men — representing  most  of  the 
industries  in  this  district — gath¬ 
ered  together  to  discuss  the  possi¬ 
bilities  of  electronics  and  how  it 
may  effect  our  future  thinking. 
Some  of  us  had  operated  as  “hams”, 
and  I  suppose  what  meager  knowl¬ 
edge  we  possessed  helped  us  to  get 
started  properly.  The  outcome  of 
this  meeting  was  the  formation  of 
a  group  of  electronic-minded  elec¬ 
trical  engineers  whose  purpose  is  to 
discuss  developments;  solve  any 
problems  (if  we  can)  arising  from 
the  use  of  electronics;  arrange  for 
speakers  to  discourse  in  their  par¬ 
ticular  field,  providing  it  deals  with 
electronics,  and  in  this  connection 
only. 

While  we  meet  every  month,  the 
alternate  monthly  meetings  are  de¬ 
voted  to  a  purely  technical  discus¬ 
sion  for  the  benefit  of  the  30  mem¬ 
bers  of  this  organization.  For  the 
other  meetings  we  arrange  to  in¬ 
vite  executives  and  production  men 
to  sit  in,  while  our  speaker  is  re¬ 
quested  to  address  us  in  elementary 
language  so  far  as  it  is  possible. 
This  way  we  feel  we  can  acquaint 
our  guests  with  some  of  the  under¬ 
lying  principles  of  electronics  and 
its  effect  on  their  particular  phase 
of  industry. 

We  have  elected  a  slate  of  officers 
comprising  a  chairman,  three  di¬ 
rectors,  and  a  secretary-treasurer. 
Each  member  of  this  organization 
has  to  be  prepared  at  all  times  to 
discuss  a  phase  of  electronic  con¬ 
trol.  In  this  way  we  feel  that  the 
members  must  study  or  else  be 
caught  some  day  with  nothing  to 
say.  All  discussions  and  speeches 
are  recorded  verbatim  in  short¬ 
hand,  and  transcribed  copies  are 
made  available  to  members  for  the 
purpose  of  study  and  also  to  pro¬ 
vide  a  ready  means  of  reference. 

We  feel  we  are  off  to  a  good  start 
and  only  time  will  tell  whether  our 


he  inherent  advantages  ■ 
I  in-RES-CO  resistors—  ■ 
proved  in  vital  Signal  ■ 

:orps,  Army,  Navy  and  Air  ■ 

Corps  applications—  I 

,„eans  similar  application-  I 

designed  *i”®*'.*'*  ^ 

peacetime  requirements. 
Engineer-designers  and 

manufacturers  J* 

close  confidential  collabo¬ 
ration  in  post-vjar  plan¬ 
ning,  are  invited  to  bring 
wire  wound  resistor  prob¬ 
lems  to  IN-RES-CO.  A  high 

i  dearee  of  accuracy  and 


le  coi^Hmentai 


.wonil 


^1  .  .  .  ite^BOning 

lin  tadio  and  eMRbntcs 
|^(3ient  catalog  ofaiiable 


Electronic  or 
electro-mechanical 
products 


(equipment,  parts, 
or  consumer  items) 


lor  the  post-war  era  by 
modem,  well  -  organised 
manufacturer  of  radio 
parts,  who  desires  to  add 
new  products. 


IN  19^3,  production  of  radio  equip¬ 
ment  jumped  more  than  110  percent 
over  19^2,  while  the  19 US  total  for 
all  types  of  signal  equipment  rose 
ISO  percent  above  the  19U2  level. 
There  was  declining  emphasis  on 
ground  radio  equipment,  and  a  big 
expansion  in  airborne  signal  equip¬ 
ment. 


Apply  to  W-646  Electronics 
330  West  42nd  Street,  New  York  18.  N.  Y. 


electronics 


We  Maiufacture  a  complete  line  of  eqnipaeat 

SI'OT  WELDRRS.  electric,  from  U  to  60  KTA  AC  ABC 

TRANRFORUKR8,  speclml  and  standard  tjpea  WELDERS 

INCANDESCENT  LAMP  manufacturing  equipment  From  100  to 
FLUORESCENT  TUBE  MAKING  EQUIPMENT  400  Amps. 
ELECTRONIC  EQI'IPMENT,  racunm  pumps,  etc. 

WET  GLASS  slicing  and  cutting  machines  for  laboratory  nse 
OEN'ERAL  GIASS  working  machines  and  burners 
COLLEGE  GLASS  working  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

731  8e.  13th  St.  (near  Avon  Ave.) _ Newark,  New  Jersey 


MICROMETER 

FREQUENCY  ciin,kfn*I 

transmitters 

METER  from  I.S  te  56  me.. 

within  0.01  per  cent 

LAMPKIN  LABORATORIES 


Bradenton,  Fla.,  U.  S.  A. 


Electron  Tube  Machinery 

of  every  type. — etandard,  and  special  detiffn 

Spwcialists  in  Equipmant  for  th*  monuiac- 
tur*  of  Radio  Tubwa,  Cathodo  Rot  Tubwa. 
FlnorwacoBt  Lompa,  InccmdMcent  Lampa, 
Noon  Tuboo,  Photo  Colls.  X-ror  Tubos 
and  othor  gloaa  or  oloctronic  products,  on 
production  or  laboratory  basis. 


FINE  RIBBONS 
TUN6STEN  MOLYBDENUM 

Making  a  modost  but  oiloctiTo  contribu¬ 
tion  in  Boctronics'  War  occomplishmonts. 

IS  Bookman  St.  H.  CROSS  Now  York 


1307-1309  Sovootk  St..  Nortk  largos,  N.  J. 


J.  L.  A.  McLaughlin 

Designer  of 

Communications  Receivers 
P.  O.  Box  529,  Lajollt,  Calif. 


Makt  it  a  HABIT  ...  to  chock 
this  pago— EACH  ISSUE 

THIS  CONTACTS  SECTION  supt>lements  other 
adterti'dng  In  this  issue  with  these  additional 
unouncementa  of  produrt.s  and  aeirlces  essential  to 
emrit'Di  and  economical  operation  In  the  field  of 

ELECTRONICS 


WOODWARD  &  KEEL 

Consulting  Engineers 
Industrial  Electronics 
&  Communications 
Earle  Bldg.,  Washington  4,  D.  C. 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 
Electrical  and  Mechanical  Englneeiing  Problema 
Instruments  and  Control  Derlcea  Electronics 

Specialists  In  Colorimetry,  Spectophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Road  Llansreh,  Pa. 

Phone  HlUtop  6910 


CRYSTALS  by 


Thousandi  o(  vital  transmitting  installa¬ 
tions  tely  on  the  accuracy  and  dependa¬ 
bility  of  Hipower  Precision  Crystal 
units.  With  recently  enlarged  facilities, 
Hipower  is  maintaining  greatly  increased 
production  for  all  important  services. 
When  essential  demand  begins  to  return 
to  normal,  Hipower  will  be  glad  to  help 
with  your  crystal  needs. 

HIPOWER  CRYSTAL  CO. 

Sales  Division — 205  W.  Wacker  Drive,  Chicago 
Factory — 2035  Charleston  Street.  Chicago.  III. 


I  Strip  Insulated  Wires, 

QUICKER...  BETTER' 


with 

AUTOMATIC  WIRt  STRIPPER 
.••Spaadt  Prodwctlan 

Sbipi  insulation  from  all  typos  of 
wire  —  instantly,  easily,  paifoctly. 

Just  prass  the  handles  and  the  job 
IS  done.  Cuts  wire  too.  Strips 
WO  to  1000  wires  per  hour.  Avail¬ 
able  for  all  site  solid  or  stranded 
wires -No.  8  to  No,  30.  Lilt 
price  U-OO. 

^Jte  Oept.  i  fur  Full  FnrHculnsu 


GENERAL  CEMENT  MFC  CO 

Rockford.  Illinois.  U.S.A. 


tpct  twbpf  and  othpr 
plug 'in  compenonts 
from  loesoning  undor  vi 
bration/  got  cKquaintod 
with 

BIRTCHER 
<  LOCKING  TYRI 

TUBE  CLAMPS 

See  page  364  this  Issue,  > 
end  'phone,  wire, 
or  write  ui. 


the  BIRTCHER  corporation 

Manufacturers  of  AIRCRAFT 
and  RADIO  PARTS 
5087  HUNTINGTON  DR.  LOS  ANGELES  32 


quilted  asbestos 

Min  WON’T  FRAY 

^  ON  TOUGHEST  JOBS 

Troubled  executlvee  find  new 
asbestoa  mitt  toots'r 
ahred.  tcon't  tray  on  tough  Jobe 
handling  hot  metala.  molds,  other 
bot  materials.  Quilted  both  aides, 
P' jj  reversible  to  fit  either  hand:  gives 

double  duty,  double  wear.  Just  one 
of  many  Interesting  Safety  Ideas  tn- 

gloves,  aprons,  sleeves, 

spats,  etc.  Sendforntro  '•fKmSmmm 

catalog  note. 

INDUSTRIAL  GLOVES  COMPANY 

sas  OareaM  Blve..l>anville,lll.  In  Can:Se(My  Sueely  Ce.,Ter. 


Professional  S 


emces 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
Den  in — Development — ModeEs 
Complete  imbomtory  and  Shop  Facilities 
6309-lS — Sith  Ave. 

Kenonha,  IVis.  Telephone  t-481S 


i 


cnGinEERini  com 


BURSTEIN-APPLEBEE  CO 


1012-14  McGee  St.  Kansas  City,  Mo 


O  U  I  ( 


efforts  will  bear  fruit.  In  any  case 
we  are  getting  acquainted  with  one 
another  over  the  dinner  table  and 
hope,  eventually,  to  dispel  our  ig. 
norance  regarding  what  “happens 
between  cathode  and  anode  across 
the  evacuated  space”. 

John  R.  Marsh 
Chairman, 

Society  of  Electronic  Engineer't 

8t.  Catherines,  Ontario 


PROMPT 


Deliveries 
on  Adequate 
Priority 


VHF  Relays 

In  a  recent  speech  Mr.  James  D. 
Shouse,  vice-president  of  WLW, 
stated  that  American  broadcasters 
had  better  start  planning  new  tech¬ 
nical  equipment  to  get  programs 
to  Europe  after  the  war  at  least 
as  well  as  the  BBC  does  now.  He 
further  stated  that 


WlNSLOW-made  megohmmeters,  with  true 
ohmmeter  movements  manufactured  in  our 
plant.  For  testing  insulation  resistance  of  cables, 
motors,  generators,  etc.  Hand-driven  generators 
— direa  reading — compaa — rugged. 

Virile  for  detailed  specifuations  and  prices 


our  present 
short-wave  stations  do  not  have  an 
adequate  signal  reaching  the  Euro¬ 
pean  soil  and  the  many  millions 
who  represent  a  powerful  potential 
post-war  market  for  American 
products. 

The  ideal  frequency  for  Euro¬ 
pean  coverage,  due  to  the  type  of  re¬ 
ceivers  in  use  there,  would  be  in  the 
region  of  our  standard  broadcast 
band.  The  problem  resolves  itself 
into  one  of  getting  the  programs 
over  there  reliably  with  reasonable 
fidelity  and  not  subject  to  the 
vagaries  of  short-wave  transmis- 
if  they  are  to  have  any  value 


SILK  SCREENING 

ON  FRONT  PANELS  AND  CHASSIS 

METAL  and  PLASTICS 

Sharp  clear  characters,  durably  printed 
on  finished  or  unfinished  surfoces. 

PROMPT  DEUVERIES  (One  To  Two  Weeks) 


Sion, 

as  a  commercial  medium. 

A  system  of  VHF  relays  across 
the  Atlantic  would  seem  to  be  a 
good  solution  to  the  problem.  These 
could  be  mounted  on  towers  of  con¬ 
siderable  height  with  a  foundation 
moored  to  the  ocean  floor.  They 
could  be  designed  to  be  virtually 
automatic  in  operation  with  dual 
channel  safety  changeover  systems. 
A  site  could  be  chosen  for  the  in¬ 
stallation  of  standard  broadcast 


64-A  Fnlten  Str««t  Rneter  2*9867  N«w  Yer 

fnvnafors  of  Now  lalay  froctss  Soo  Pago  Mo.  368 


When  you  get  the  "green  light" 
to  convert  to  peacetime  produc¬ 
tion,  will  you  be  among  the 
fortunate  who  are  all  set  to  go. 
or  will  you  have  to  start  from 
scratch? 

If  you  are  planning  on  new  poet-war  products  that  will 
employ  transformers,  it  is  all  the  more  important  that 
you  arrange  in  advance  for  your  requirements. 

Send  yonr  specMeetfons  for  a  qootatloo 

D0N8AN  ELECTRIC  MANUFACTURINC  CO. 

2977  Franklin  Detroit  7,  Michigan 

"The  Dongan  Lins  Sines  1909” 


MORE  THAN  7,000  tubes  operate 
continuously  in  the  receiving  sets 
at  RCAC's  Receiving  Central  at 
Riverhead,  L.  /.  Heat  from  the 
tubes  keeps  the  equipment  dry  and 
stable  in  operation  and  saves  2800 
gallons  of  fuel  oil  per  season  since 
an  air  circulating  system  was  in¬ 
stalled. 


DONGAN 


ELECTRONICS 


• 

word  into  a  microphone.  There-  i 
fore,  this  would  indicate  that  the 
cause  is  either  in  the  human  throat 
structure,  or  in  the  microphone  it¬ 
self. 

Voices  rich  in  harmonics  had  the 
most  noticeable  un-balance.  Talk¬ 
ing  in  my  natural  voice,  the  peak 
difference  was  apparent,  but  rais¬ 
ing  my  tone  to  a  high  falsetto  re¬ 
sulted  in  a  condition  wherein  the 
peaks  were  almost  perfectly  bal¬ 
anced! 

I  noticed  another  pecularity :  The 
250-K  speech-input  stage  of  p/p 
1620’s  has  quite  a  large  amount  of 
inverse  feed-back  from  the  828 
modulators.  With  some  voices,  the 
right-hand  modulator  plate  meter 
will  kick  slightly  earlier  than  the 
other,  and  the  two  meters  will  be 
slightly  out  of  step  with  each  other. 
With  music,  they  behave  more  like 
Class  B  plate  meters.  With  the  in¬ 
verse  feed-back  circuit  opened,  the 
meters  kicked  in  step  on  both 
speech  and  music,  but  of  course  the 
stage  became  unstable,  due  to  the 
sensitivity  of  the  1620’s  and  828’8. 


Lee  Clough 

Chief  Engineer 

KLVF 


^0u7//|^^‘'y/  EOlTIOHl 

. .  FREE/ 


800  Paite 
Buying  Guide 

RADIO  PARTS 

RADIO  TUBES 
and  INDUSTRIAL 
ELECTRONIC  EQUIPMENT 
IN  A  HURRY 
PROM  OUR  LARGE  STOCK! 

★  ★  ★ 

SEND  FOR  FREE  CATALOG! 

New  1944  KdHieii— Jesf  Oetl 

Write  today  on  your  company  letterhead  for  this 
uassive  800  page,  bound  volume  containing  every¬ 
thing  in  radio  and  electronic  equipment. 

Address  Box  E.A. 

Telepkoee  lArdoy  7-1 S40 


SUN  RADIO 

&  ELECTRONICS  CO. 

212  Fulton  Street,  New  York  7,  N.  Y. 


POSITIONS  VACANT 


SALES  ENGINEER  WANTED,  Chicago  terri¬ 
tory,  tor  established  manufacturer  of  metal 
fasteners  widely  used  by  Industry  on  war  and 
peacetime  products.  Prefer  resident  Chicago 
area,  age  SO-Sb  with  engineering  training.  Give 
full  details,  education,  experience,  draft  atatua, 
age,  salary  expected  and  recent  photograph. 
Require  statement  of  availability  if  engaged 
In  war  work  or  essential  activity.  P-<16,  Elec¬ 
tronics,  330  W.  42nd  St.,  New  York  18,  N.  T. 

ELECTRONIC  ENGINEERS  wanted  for  new 
department  in  old  company  with  outstand¬ 
ing  reputation.  Development  or  production 
abilities  sought  in  field  of  electronic  Instru¬ 
ments  and  control  devices.  Advancement 
should  be  rapid.  Write  stating  experience, 
education,  salary  expected,  draft  status  and 
availability  if  now  engaged  in  essential  war 
work.  P-637,  Electronics,  830  W.  43nd  St., 
Xew  York  18.  N.  Y. 


ELECTRONIC  SALES  ENGINEER — Aa  field 
contact  man  with  establiahed  parts  manu- 
fscturer.  Must  be  well  acquainted  with  engi¬ 
neers  in  tube,  set  and  components  plants  and 
active  in  radio  engineering  societies.  Attrac¬ 
tive  proposition.  State  availability,  education, 
experience  and  qualifications.  Members  of  our 
organization  know  of  this  opening.  Reply  to 
P-6S8,  Electronics,  330  W.  42nd  St.,  New 
York  18,  N.  Y. 

SALES  PROMOTION  MANAGER— Established 
parts  manufacturer  in  radio  and  electronics 
fleld  wanta  thoroughly  experienced  man,  with 
executive  ability,  familiar  with  buying  policies 
of  these  industries.  In  reply  give  availability, 
education,  experience  and  quaUficatlone.  Draft 
itatus.  Reply  to  P-689,  Electronics,  880  W. 
4;nd  St.,  New  York  18  N.  Y. 

(Additional  Position  Vacant  Ads  on  pages 
404  and  405) 


_  EMFLOTMENT  AGENCY 

ENGINEERS  —  Mechanical — Industrial — Elec¬ 
tric,!  I — Chemical — Civil — Architectural,  etc. 
Cmr  epeciallzed  service  to  Technical  and  Scien- 
tlflc  men  only,  for  over  60  years,  continuously 
at  the  same  address,  enables  us  to  offer  a  fine 
•election  of  positions  for  high  grade  Mania- 
meturing  Executives,  Production  Managers. 
Metallurgists  and  Technical  men  of  ail  types, 
^e  Engineering  Agency,  Inc.,  63  W.  Jackson 
Bird..  Chicago  4.  HI. 


POSITIONS  WANTED 


CONSULTING  ENGINEER  (electrical  A  me¬ 
chanical)  complete  laboratory  facilities.  16 
years  practical  experience  electronics  A  relay 
controlled  systema,  Inatruments,  motion  p.cture 
sound  recording  installations,  broadcasting 
equipment.  Authority  on  ground  systems.  Art 
Davis.  1608  W.  Verdugo,  Burbank,  Calif. 

engineer  experienced  in  audio  deaign.  mid¬ 
get  tube  production,  wants  post-war  con¬ 
tacts  in  Chicago  area.  PW-647,  Electronics. 
330  W.  42nd  St.,  New  York  18,  N.  Y. 

ENGINEIER-PHYSICIST— Radio  and  Electron¬ 
ics  desires  permanent  position  in  research 
and  development  in  electronics.  One  year 
experience  reaearch  high  voltage  cables,  four 
years  development  and  design  of  radio  and 
electronic  test  equipment.  PW-648,  Electron- 
ice.  330  W.  42nd  St.,  New  York  18.  N.  Y. 


WANTED 

WANTED:  1  Farnsworth  I  Stage  or  11  Stage 
Infra  Red  Senaitlve  Photo  Multiplier  tube 
tor  important  war  research  work.  W-640. 
Electronics,  880  W.  42nd  St..  New  York  18, 
N.  Y. 


ATTENTION!  Quality  Mfg'rs. 

Whos*  products  ors  usod  hj  ladustricds, 
□sctronlcs  Mfqrs.  trad  Jobbing  trodo— li 
YOU  enw  ssokinq  oxcoptionol  solss  roprs- 
sontotion,  snqiasorsd  on  solid  foundonon, 
for  post-war  opportunity — contact 
RA-650  Electronics 

330  West  42nd  St.,  New  York  18,  N.  Y. 


NEW  “SEARCHLIGHT”  ADVERTISEMENTS 

received  by  April  14th  appear  in  the  May 
issue,  subiect  to  space  limitations. 

Address  copy  fo  the 
Departments  Stott 

ELECTRONICS 

330  West  42nd  St..  New  York  18.  N.  Y. 


Attention  Manufacturers 

Do  year  plantiag  oad 
weeding  early 

Be  reedy  te  harvest 

when  Victery  cemes. 

Plan  your  distribution  now,  be  ready  far  your  sett 
war  production  output. 

Of  eourta  you  mutt  continup  tn  war  production 
work  day  and  nipht  to  tpood  that  (Inal  day. 
Thorofoio.  post  war  butintu  it  the  furthott  from 
your  mind  now.  But  to  plan  then.  In  a  theri 
ipaeo  of  time,  would  bo  an  oxpentbra  problem. 

At  a  mannfaeturort  roprsoontativo  for  ovtr  IS 
ypart  in  thp  New  Enpland  and  Now  York  torrl- 
tory.  constantly  eallint  and  talkinp  to  variont 
dittributora  of  radio  and  applianeo  linos,  I  find 
thsM  proprtttlvo  dlttrlbatort  are  anxious  to  plan 
now  at  to  “Whose”  linot  they  will  carry.  To- 
tothor.  wo  are  plannlnp.  Why  not  You  be  the 
“WhoM”  lino  the  dlitrlbutor  will  toll. 

With  my  past  racerd  pf  votumo  bntlnott  aad 
ostablitnod  ellontPla.  I  could  help  you  in  ottab- 
lithini  your  product  with  the  ertam  of  the  crop 
in  thb  tprrltory. 

Your  inquiry  will  be  held  itrktly  confidential. 
R.\-449  Electronics 

310  W.  42nd  St..  New  York  18.  N.  Y 


New  Yerk  City  —  Philadelphia 
eed  New  Jersey 

RADIO  -  ELECTRONIC 
SALES  REPRESENTATIVE 

IS  INTERESTED  IN  SECURING 
LINES  OF  ESTAILISHED  MERIT 

JOBBER  FIELD 

Hlidil.v  successful  sales  representative  of  na¬ 
tional  repute  with  outatandlng  baeksrotind  in 
radio  parts  fleld  since  early  19S0’s  can  add 
one  or  two  lines  for  distribution  and  promo¬ 
tion  by  select  jobber  following  in  metropolitan 
New  York — Philadelphia — ^New  Jersey  areas. 
Inauiriea  and  oorresponderce  treated  in  ut- 
moat  confidence.  Writ* 

RA-845,  Electronlca 
330  W.  42nd  St..  New  York  18.  N.  Y. 


Additioul  Eaployaeit  Advertisiig  oh  pages  296,  308,  316  &  356 


electronics  — Mpri/  i94d 


transmitters  on  the  other  side,  and 
we  would  have  a  rdiable  palb  for 
American  broadcasting  to  our  Eu¬ 
ropean  listeners. 

At  first  glance  the  idea  may  seem 
fantastic,  but  relays  of  this  type 
are  now  in  operation  in  this  coun¬ 
try  and  they  will  come  into  common 
use  with  the  advent  of  post-war 
television  networks.  The  cost 
would  not  be  out  of  proportion  to 
the  advantages  to  be  gained  in 
goodwill  and  the  commercial  op¬ 
portunities  offered  by  European 
markets. 

Bernard  Seamon 

Wi0Ctt*$et,  Maine 


HARD -TO -SOLDER' 
PLACES  ARE  EASY 

to  reach  with  the  efficient  KELNOR  iron 
which  quickly,  accurately  solders  without 
danger  of  burning  insulation  on  adjacent 
wires  .  .  .  and  in  places  most  difficult  to 
get  at  with  conventional  type  irons. 


Polarized  Speech 

Having  been  up  against  a  peculiar 
problem  for  a  few  years,  and  hav¬ 
ing  been  unable  to  find  a  compre¬ 
hensive  discussion  of  the  matter 
in  any  of  the  various  manuals  and 
texts,  I  am  writing  to  ask  whether 
you  can  steer  me  to  a  source  of 
information,  and  also  to  suggest  a 
topic  of  interest  for  a  possible  fu¬ 
ture  article  in  Electronics. 

This  problem  is  one  of  un¬ 
equal  positive  and  negative  peaks 
of  modulation  of  the  broadcast  car¬ 
rier  wave.  Before  installing  a 
limiter  built  along  the  lines  of  the 
one  designed  by  Mr.  Herrick,  (Dec. 
194S  Electronics),  this  differen¬ 
tiation  was  only  slightly  notice¬ 
able,  but,  when  volume  compression 
was  used,  the  effect  became  quite 
pronounced I 

Becoming  interested  in  this,  1 
substituted  a  dummy  antenna  on 
our  RCA  260-K,  and  with  both 
microphone,  turntable,  and  b-f  os¬ 
cillator,  began  experimenting.  I 
found  that  with  a  pure  wave,  the 
peaks  were  equal,  also  with  musical 
transcriptions ;  but  with  speech  the 
results  were  quite  different!  Using 
the  voices  of  our  various  an¬ 
nouncers,  I  soon  found  that  the 
harsher  male  voice  had  a  pro¬ 
nounced  difference  in  positive  and 
negative  peaks,  but  that  the  aver¬ 
age  female  voice  had  an  effect  of 
producing  a  condition  of  equal,  or 
nearly  so,  peaks.  The  polarity  of 
the  peak  condition  could  be  r^ 
versed  by  reversing  either  the  mi¬ 
crophone  connections,  or  the  input 
connections  to  the  limiter.  I  also 
found  that  the  transcribed  voice 
had  the  same  effect  as  the  spoken 


KELNOR  SOLDERING  IRONS 


RED.  U.t.  RAT.  Off.  (RATtHT»  ARRUCO  ROR> 

Sohm  KlLNOM  f^aturm:  •v  A  precision -built  tool  of  highest 

1.  KELNOR  Weight  Only  8  Ounces  KELNOR  Soldering  Irons  are  spec 

2.  Special  KELNOR  Extendable  Tip  .  j  x  L-  •  L  .. 

3.  Balanced  KELNOR  Angle-Head  for  making  qUIck,  Solld,  SI 

4.  New  Type  Heating  Element  nections  in  such  fields  as  Radio,  < 

5.  Comfort-Coal  Plottic  Handle  Telephone,  Telegraph,  Shipbuildi 

6.  All -Ceramic  Sealed  Insulation 

7.  Rugged  Welded  Construction  ^  APPROVED  BY  UNDERWRITERS  LABORATC 

Order  through  your  JOBBER  —  or.  for  more  facts,  and  orient,  write , 
Notionol  Soles  Agent.  Wm.  tVeston  and  Co..  550  Page  St..  Son  Proncisce  f7,  ColM, 

ELNOR  MANUFACTURING  CENTRAL  TOWER,  SAN  FRi 


Mcmuiactured  tinder  gov¬ 
ernment  specifications  with 
government  inspection  at  our 
plant. 


PROMPT  DELIVERIES 


UNITED  ENGINEERING  CO 


Chicago,  III. 


3317  N.  Crawford  Ava, 


WAXES  •  COMPOUNDS  for 
ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variaty  of  alacfrical  applications,  including: 

.  .  .  Insulation  for  CONDENSERS  TRANSFORMERS,  COILS,  power 
pecks,  pot  heads,'  sockets,  wiring  daviens,  wet  end  dry  batteries,  eK. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


Brooklyn,  N.  Y. 

FOUNDED  1846 
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(Continued  from  pace  408) 


RADIO-ELECTRONIC 


ENGINEERS 
TESTERS 
TECHNICIANS 
EXCELLENT  OPPORTUNITIES 
IN  A  MAJOR  POST  WAR  PIILD 

Openinca  available  at  our  Research 
Laboratories  and  Electronic  manufac- 
turinc  unit.  Leaders  In  the  desicn  and 
development  of  vital  electronic  equip* 
ment  (or  the  armed  forcea 

Essential  workers  need  release 
statement. 

Write,  atatinf  szperlence.  educa¬ 
tion.  draft  status,  salary  requirements 
or  apply  to 

SPERRY 

GYROSCOPE  CO..  INC. 

dNsareh  Labs.  A  Eleetronie  Plant 
Stewart  Ave.  A  Clinton  Rd. 

Garden  City,  New  York 


ELECTRONIC  ENGINEERS 


possess  originality  and  initia¬ 
tive  in  connection  with  research 
and  developments  relating  to 
television,  radio,  sound  repro¬ 
duction  and  other  applications. 
Write  full  particulars  relative  to 
education  and  experience. 


A  well  established  company  of 
excellent  reputation  located  in 
the  east,  offers  piermanent  posi¬ 
tion  to  a  few  engineers  who 
hove  educotional  training  and 
background  in  Electronic  engi¬ 
neering  or  Physics.  Unusual 
opportunities  offered  men  who 


WANTED 

Electrical  Engineers 


Permanent  Positions 


for 

Electroacoustic  or 
Electroaechauical  Eagiueer 

Must  hcrvs  substantial  •xparisaes  and 
dsmonstrotsd  Initiativs  in  dssign  ond 
msosurwmsnl  oi  practical  slsctroacous* 
tic  or  slsctroms^onical  tronaducars. 
To  illustraio  ths  roquiromsnts,  hs  must 
bo  copobls  of  tokbiq  full  rosponsibil- 
ItT  for  dstsnnining  ins  oquivalont  dr- 
cuit  constants  oi  pioso-olsctric  crrstol 
plotos  and  oasomblloa  usod  os  trans- 
aucors.  Including  ths  dsvolopmont  oi 
nocoasotry  moosuring  opporatua  and 
tsdmiquos.  Ths  position  ofiors  oxool- 
lont  opportunity  to  contribnto  to  ths 
War  offort,  foUowod  by  o  continuing 
program  of  post  war  dsvslopmont. 


Atrcdlable  with  national  manuioc- 
turor  in  essential  X-Ray  industry.  Ex¬ 
perienced  Field  Service  and  Sales 
Engineers  will  be  placed  In  branch 
offices  immediately.  Factory  training 
ooursee  available  for  man  with  tech¬ 
nical  background.  Excellent  opportunity 
for  Electrical  Engineers.  Work  is  inter¬ 
esting  and  imder  pleasant  conditions. 
Ample  opportunities  for  advancement. 


Dsvelopmsat  and  design  work  in  trans- 
iormsr  applications  for  radar,  lighting, 
Mwer,  stc.  Also  iunior  snginsors  tor 
drofting  and  layout.  100%  war  work. 
ExcoUsnt  post  war  potontiol  in  rsssarch 
laboratory  or  solos  onginsoring  dsport- 
ment.  If  you  oro  not  utilising  maxiinuni 
skill  at  prosoni  position  apply  by  IsHsr 
at  once. 


SOLA  ELECTRIC  COMPANY 

2525  Clybosm  Ave.,  Chicago  14,  III. 


WANTtO 

MOTOR  DESIGN  ENGINEER 

Matt  bs  tbsrssfhly  txpsrianesd  Is  dMlis  ts4 
srodsetiss  sf  fractlsnal  hsrM-pswsr  sMtan  asd 
ttnsrstsrs.  Osly  tss-nsteh  aims  Mstidsrsd.  All 
rssllst  MsSdsatlal  asd  sistt  bt  Msisist*.  Ex- 
esilsst  opportssHls* — leeatlos  Muthsrs  Nsw  Er|. 
lasd.  StstsMsst  of  availability  rtssirsd. 

P-641,  Ktsctroolcs 

830  W.  48nd  St.  New  York  18,  N.  T. 


Usies  lask  Ratldlsg 
PIHsbsrgli  22,  PesBsylvasia 

WESTINGHOUSE  ELECTRIC 
&  MANUFACTURING  CO. 


Writ#  (o;  A.  L.  WILUAMS.  President 


WANTED 

ENGIN  EER 

with 

ELECTRONIC  or  ELECTRICAL 

Experience  for  Research 
and  Development  In  our 

TOCCO  HEAT  TREATING 
INDUSTRY 

Post  War  Future 

Good  Salary  for  Right  Applicant 

OHIO  CRANKSHAFT 

3800  Harvard  Cleveland,  Ohio 


WANTED 

ELECTROLYTIC  CAPACITOR 
CHIEF  ENGINEER 


ELECTRICAL  MECHANICAL 
RADIO.  ACOUSTICAL 

For  Research  and  Development  Laboratory 
oi  eBtcd>lished  company  engaged  in  wor 
work.  Activity  includee  electronic  ocmtrol 
eguipmont,  continuous  recorders,  special 
radio  devices,  and  oircroft  accessories. 

Excellsnt  post-war  opportunities.  Laboro- 
tory  locotsd  in  central  Monborttan.  All  re¬ 
plies  strictly  confidsnHal.  Write  full  details. 

P-6B1,  Electronics 

330  W.  42nd  St.,  New  York  18,  N.  Y. 


CsMble  ef  dediRlsi  sad  tspervitlnt  laitallatlei 
ef  ssuipaieRt.  To  taka  Msislsts  charts  tt  Isbsra- 
tsry  sad  lapsrvlse  srodsetlea  ssallty  ctntrci. 
Matt  havs  srsvieat  cxasrieses  wKb  ctehlsi  lad 
lersiatloa  proecMsc.  Writs  ctatlai  sxsericncc.  cda- 
estlon.  draft  ctatsi,  srccsnt  sad  art^ssi  carninti 
sad  salary  rssaIrcsicnU.  All  rsplies  will  be  Md 
la  ctrlctest  eoaSdsars.  Exesllent  ss(t  war  »wsi- 
bllitisc  Involviat  laelssiSR  la  swacr-aianaHecst 
irous  at  yssnt,  attrstsivs  ssseeltsr  aiasstBetur«r. 
Addrscs, 


P-644,  Electronics 

6'0  N.  Michigan  Ave.,  Chicago  11,  III. 


WANTED 

ENGINEERS 

Electroiic  Mechaiical 

This  company  is  sngaged  in  ths  design 
and  manufacturing  oi  rodor  testing  equ^ 
msnt,  audio  ampUfisrs,  and  vidso  eguip- 
ment.  Also,  manufacturing  small  msdian- 
leal  ports. 

Tbs  snginssrs  ws  nssd  must  hove 
experience  in  the  electronic  industry.  Thess 
positions  ofisr  immsdiote  and  postwar 
opportunitiss.  Writs  and  include  full 
details  as  to  expsrience  and  salary 
desired. 

THE  MODERN  ELECTRONICS  CO. 

409  North  Broad  St.,  Ellxabeth.  N.J. 


To  rtGitgn  oloeCionle  dovleoG,  tEmnsfonnf . 
tc.  mootly  Audio  froquoncy*  Woiitlnc  knowlDog* 
of  taisonomotry  and  LC  elreulU  naooaaary.  Alao 
aoiiM  ejtporloncG  on  eammunlcaUona  tquipmei't  or 
aoehanleal  manufacturlnc*  Sala^  opon.  Draft  aa* 
aoipt  or  dofarablo  by  rGaaon  or  oducatlon  or  «k- 
pononco.  Exetrllent  poat>war  proapacts.  USES  ra* 
farral  card  win  ba  r**nii1ra<l. 

AUDIO  OIVlLOFMiNT  CO., 

2833— XSth  Av*.  So.  MinnMp.li*  Uinil. 

MMMMtt444»4*MltHM(IHn*miHtllll4»tl*llll4IIUIIHHme444(IIIM>IMHMtillMHIMSM 


DRAFTSMAN 


Experienced  man  for  real  critical 
war  work.  We  also  Have  fine  oppor¬ 
tunity  from  postwar  standpoint.  If 
you  have  had  plant  layout,  piping, 
machine  design,  architectural  or  any 
mechanical  drawing  background, 
write  us  at  once.  State  experience 
and  salary  desired. 

P-643,  Electronics 
520  North  Michigan  Ave.,  Chicago  11,111. 


POSITIONS  VACANT 

Ths  Englnssriaf  Expsriaisat  Station  sf  ths  Uni* 
vsrsity  of  Florida  it  Intsrsstsd  in  sbtaining  rsM 
sad  stsctronic  snilnssrt  and  radls-sbytieistt  m 
rssearch  on  eontrsett  with  lovornRiont 
While  this  arork  it  of  a  war  natsro,  sons  of  tM 
positions  will  bs  psrmanent,  dspsndini  Isrpsly  *■ 
ths  ability  sf  ths  man. 

THE  ENOINEERINO  EXPERIMENT  STATION 

Usiversity  of  Rerida  Gaisesvitle, 

WP»W»WWSSSSWWlp64l»4W>HIMHHSIIIISSSIMHS4S4IM4IM444tlMSttSSSSMI4t4tHi’Mt 


(AdditioRal  Positioi  VacaRt  Ads  or  Page  405) 
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